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PRE FAC E

The work reported here was sponsored by the Space Power Systems Division

of the NASA Lewis Research Center under contract NAS3-6465. Mr. R. A.

Lindberg of NASA has provided the Project Management for the program.

His review and suggestions as well as those of Mr. T. A. Moss, also of

NASA, are gratefully acknowledged. The Westinghouse Aerospace Electrical

Division ¢WAED) is responsible for the Technical Direction of the program.

The Westinghouse Research and Development Center (WR & D) is conducting

Tasks 1, 2 and 4 of Program I on Optimized Magnetic Materials for Appli-

cation in the 1000 to 1200°F Range, the Investigation for Raising the Alpha

to Gamma Transformation, and Creep Testing of Rotor Materials. Eitel-

McCullough (EIMAC) is responsible for the Bore Seal Development, Task 1

of Program III. All other tasks are being conducted at the Westinghouse

Aerospace Electrical Division (WAED).

In a program of this magnitude a large group of engineers and scientists are

involved in its progress. An attempt to recognize those who are contributing

directly, together with their area of endeavor, follows:
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Dr. K. Detert (WR&D); J. W. Toth (WAED)

Task 2 - Investigation for Raising the Alpha to Gamma Transformation

Temperature in Cobalt-Iron Alloys

Dr. K. Oetert (WR&D); J. W. Toth fWAED)

Task 3 - Dispersion-Strengthened Magnetic Materials for Application

in the 1200 to 1600°F Range

Dr. R. J. Towner (WAED)

Task 4 - Creep Testing

M. Spewock (WR & D); D. H. Lane (WAED)
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Program I I - High Temperature Capacitor Feasibility

R. E. Stapleton (WAED)

Program I I I - Bore Seal Development and Combined Material Investigation

Under a Space Simulated Environment

Task 1 - Bore Seal Development

R. C. McRae, Dr. L. Reed (EIMAC); J. W. Toth (WAED)

Tasks 2, 3, 4 - Stator and Bore Seal, Transformer and Solenoid

W. L. Grant, H. E. Keneipp, D. H. Lane, R. P. Shumate,

J. W. Toth (WAED)

Dr. A. C. Beiler 0brAED) and Dr. G. W. Wiener (WR & D) are acting as

consultants on Program I.
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SUMMARY

This is the Third Quarterly Report on Contract NAS3-6465 for the Develop-

ment and Evaluation of Magnetic and Electrical Materials Capable of Oper-

ating in the Temperature Range from 800°F to 1600°F. Advanced space

electric-power systems are the area of eventual application.

Program I is directed at developing high-temperature magnetic material

with satisfactory strength for rotor use. Martensitic alloys containing 12

nickel-20 cobalt-balance iron with single elements such as tantalum, molyb-

denum, niobium, beryllium, or titanium indicated strong age-hardening

response and have higher alpha to gamma transformation temperatures

than the 15-weight percent nickel alloys. These appear to offer excellent

promise as high-strength magnetic materials at elevated temperature up to

1200°F. Additions of 3 to 5 weight percent alloying agents raise the alpha

to gamma transformation temperature by approximately 45°F. This weight

addition represents a limit whereby good magnetic properties are main-

tained. Eighteen pre-aUoyed atomized powders have been received on the

dispersion-strengthened magnetic materials program where magnetic and

strength properties to 1600°F are under study. The average particle size

was found to be in the 10 to 26 micron range. After isostatic compression

at room temperature sintered compacts made from 14 of the powders

ranged from 59 to 82 percent of theoretical density. Preparations for ex-

trusion are underway. Unexpected low rupture ductility for Nivco alloy
under test at vacuums of less than 3 x 10- torr has resulted in a re-

evaluation of the material and the obtaining of a new heat.

Program I I will determine the feasibility of high-temperature capacitors

using high-quality dielectric materials. A combined multiple slicing-

cleavage technique has been developed for yielding 15 wafers of pyrolytic

boro, ,,iL[-ide from a 1/4-inch block, i-inch square. A method oI eiectro(ling

and building multi-layer capacitors has been defined. When a satisfactory

method of electrode interconnection is developed, uF-volt/in3 products of

a capacitor capable of operating at ll00°F would be competitive with low-
temperature plastic-film capacitors.

Program I II incorporates development on alkali-metal compatible ceramic-

to-metal seals and combinations of materials designed into a stator with a

bore seal, a transformer, and a solenoid for investigations of compatibility

under electrical and magnetic stress at elevated temperature and under high
"_/'_::11"_1111"1TI ('_l'l-,,'e,'_oo._,_,'_. r, ,I-, _ r] -: " _1-^--'_1_ 1. ..... L ..... _L_.L .LI__'___

......... _--*_,._:_OJLl*_ o,..t,_,.AJ._;o UXX t._:P_, ctzxxlt.. XXZO, L_:PJL J.t_L_ ll_i.Vt:_ ;DIIUWII LAI_LL _L UlU'ty
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minute firing in an atmosphere of 75 percent nitrogen - 25 percent hydrogen
at 2597°F plus 10 minutes in vacuum (5 x 10 -6 torr at 1832°F) provides the
best processing of the material with the least residual outgassing. Compo-
nent manufacture and the related development techniques for building these
units are near completion. Testing and calibration will be initiated during
the next quarter at temperature and under high vacuum.
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SECTION I

INTRODUCTION

This is the third quarterly report on Contract NAS3-6465 for the Development
and Evaluation of Magnetic and Electrical Materials Capable of Operating in
the Temperature Range from 800 to 1600°F. The period of performance is
from June 1, 1965 through August 31, 1965. The program consists of three
Programs with their related tasks as follows:

Program I - Magnetic Materials for High-Temperature Operation

Task 1 - Optimized Precipitation Hardened Magnetic Materials for
Application in the 1000 to 1200°F Range

Task 2 - Investigation for Raising the Alpha to Gamma Transforma-
tion Temperature in Cobalt-Iron Alloys

Task 3 - Dispersion-Strengthened Magnetic Materials for Application

in the 1200 to 1600°F Range

Task 4 - Creep Testing

Program I I - High-Temperature Capacitor Feasibility

Program III - Bore Seal Development and Combined Material Investiga-

tions Under a Space Simulated Environment

Task 2 - Stator and Bore Seal

Task 3 - Transformer

Task 4 - Solenoid

In Program I, limitations in magnetic material performance at elevated tem-
perature have been recognized from Contract NAS3-4162 and the development

of materials incornor_ting........... imp,-,,ved,v ---_,--_--,-m_'_""+__ ,,,,,_-_mechanical properties is

being pursued. In most cases, high-strength compromises the magnetic prop-
erties; therefore_ tn.__or_mp!ish___v..the ,,_,_,._,=,,k_,_..^of developing a high temperature

magnetic material strong enough for high strength applications such as a rotor,



a balance between these two variables is sought.

Program I I is directed at determining the feasibility of applying high-quality

dielectric materials and their processes to a high-temperature (llO0°F)

capacitor which is lightweight and suitable for static power conditioning

apparatus used in space applications.

Program III incorporates development on ceramic-to-metal seals and on

combinations of materials previously evaluated under Contract NAS3-4162

into a stator with a bore seal, a transformer, and a solenoid for investiga-

tions of compatibility under electrical and magnetic stress at elevated tem-

perature and high vacuum.

The three Programs will be reported consecutively in Sections I I, I I I and

I V. Section I I and Section I V are further divided into their respective tasks.

Each task is reported separately and includes a summary of technical prog-

ress, a discussion, and the program for the next quarter so the reader may

obtain a better understanding of each task.

The First Quarterly Report and the Second Quarterly Report were issued as

NASA-CR-54354 and NASA-CR-54355, respectively. These reports are

extensively referenced in this report. Other references identified by number

in the discussion of each task are contained in Section V. These are identi-

fied by the program and task for which the reference is applicable.

Appendix A discusses the procedure for loading test capsules with alkali

metal under vacuum undertaken in the bore seal effort (Program III, Task 1).

The cleaning procedures used in the stator, transformer, and solenoid

(Program III, Tasks 2, 3, and 4) are summarized in Appendix B.



SECTION I I

PROGRAM I- MAGNETIC MATERIALS FOR
HIGH- TEMPERATURE OPERATION

Program I is directed at improving and increasing the technology of
magnetic materials suitable for application in the rotor of an alternator
or motor in advanced space electric power systems.

Task I is concerned with precipitation-hardened magnetic materials in the
1000 to 1200°F range. These materials are of the iron-cobalt-nickel
ternary system. The two specific areas of interest are the iron and cobalt
corners of the ternary system.

Task 2 is a small research investigation for determining the feasibility of
raising the alpha to gamma transformation temperature in the iron-cobalt
system; thereby increasing the useful magnetic temperature of this system.

Task 3 is directed at applying dispersion-strengthening mechanisms to
magnetic materials to achieve useful and invariant mechanical and magnetic
properties in the 1200 to 1600°F range. Because both variables are influenced

differently by dispersion particle size and spacing, a compromise is sought
thereby tailoring the materials to the needs of dynamic electric machines.

Task 4 is a creep program on Nivco alloy (approximately 72 percent cobalt,

23 percent nickel and certain other elements)6which will generate 5000 hour
design data in a vacuum environment (1 x 10- torr or less). This material

represents a presently available magnetic material with the highest useful
appllcatioii ..........Lt:_ 111._ _ 1" ;,-I t tl ['t:_,



A. TASK 1 - OPTIMIZED PRECIPITATION HARDENED MATERIALS

FOR HIGH TEMPERATURE APPLICATION

1. Summary of Technical Progress

a) Twenty-three additional alloys have been tested in the screen-
ing program - twelve alloys of the martensitic type and

eleven alloys of the cobalt type, bringing the total number

tested to date to 58 alloys. The alloys were melted by the

levitation melting technique.

b) Dilatometer tests, magnetic saturation measurements and
aging tests with hardness, coercivity measurements and
microstructure observations have been conducted. The test

data obtained show that the addition of a single element such

as tantalum, molybdenum, niobium, beryllium, or titanium
in alloys with the basic composition Fe-12Ni-20Co resulted

in a strong age-hardening response similar to the alloys with

Fe- 15Ni-25Co; but the transformation temperature was con-
siderably higher in the former. The values of coercivity were,

in general, 25 percent lower than the alloys with 15 percent

nickel and did not show any increase during the aging tests
conducted at 1022°F (550°C) for 100 hours or at 1202°F (650°C)

for one hour. However, the hardness decreases slightly

during aging at 1022°F (550°C) for 100 hours indicating that the
precipitate particles may not be as stable as in alloys with

15Ni-25Co martensitic type alloys.

The test results of martensitic alloys with Fe-15Ni-25Co base

and the addition of more than one element (titanium, molyb-

denum, tantalum or niobium) in a suitable combination, led to

a substantial increase in hardness during the aging treatment.

,_ .... "-._* ..... 1..... 1_.. • h_ lily

1022°F (550°C) did not show improvement compared to the
same base alloy with the addition of a single element.

c) The influence of zirconium, iron, and aluminum content on
hardness, coercivity, and the amount of discontinuous preci-

pitation was established in the cobalt base alloys. The

results showed that an alloy with 15Ni, 5Fe, 2.2Ti, 1.5A1

and 0.2 to 0.5Zr-balance Co, will have the desired properties
to guarantee thermal stability at 1292°F (700°C) with a room

temperature Vickers hardness of 300-350_ rnnm temperature

coercivity less than 10 oersteds and a magnetic saturation of

more thmu 11,000 gauss at 1!12°F (600°C). This compares

to the properties of Nivco alloy of coercivity of 11.5 oersteds
and a magnetic saturation of approximately 11,000 gauss at

ll12°F (600°C).

4



2. Discussion

a. BACKGROUND

The objective of this program is to find and evaluate an alloy com-
position which displays high creep strength at elevated temperature

as well as adequate ferromagnetic properties. The target tensile
strength for the alloy at ll00°F is 125,000 psi or better. The tar-
get stress to produce 0.4 percent creep strain in 1000 hours at

ll00°F is 76,000 psi or greater. The i0,000 hour stress target at

ll00°F is 80 to 90 percent of that at 1000 hours. The target magnetic

saturation for the developmental alloy is 13, 000 gauss or better at
1100°F and a coercive force less than 25 oersteds. A screening

program of a variety of alloy compositions, now in progress, is

the first step in attaining this goal.

The purpose of this screening program is to find a certain region

of alloy composition where an optimum combination of high-strength
and magnetic saturation, low coercivity, and stability of the metal-

lurgical structure during exposure at temperature can be attained.
Hardness tests, coercivity measurements and saturation measure-

ments, after a suitable heat treatment, and dilatometer tests were
conducted to provide the data for the properties and thermal

stability of the structure. Details of test methods were reported in
the first and second quarterly reports.

b. EXPERIMENTAL PROCEDURE

Martensitic alloys l-A-21 to 1-A-32 (Table II-1) and the cobalt
base alloys l-B-21 to l-B-31 (Table II-2) were studied during this

report period. It was shown in the first quarterly report that the
composition of 15Ni-25Co, balance Fe has a martensitic structure

after cooling_ with sufficient stability up to ll12°F (600°C). It had

been shown previpgsly (ref. 1 and in the second quarterly report

on this program)taJ that a variety of elements such as tantalum,

molybdenum, tungsten, beryllium, and titanium, when added singly,

will produce substantial precipitation hardening. In the alloys
l-A-21 to 1-A-24 tested during the current report period, a suitable

combination of two or three of the elements tantalum, molybdenum,

titanium, or niobium were added. In alloy 1-A-25, a combination
of beryllium, tantalum, and silicon constituted the addition. The
purpose of studying these alloys was to determine whether a com-
bination of two or more elements have more beneficial effect than

adding a single element.

_'tJReferences are listed in Section V.
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TABLE II-l. Composition of Martensitic Alloys I-A-21 to I-A-32

Alloy
Number

1-A-21

1-A-22
1-A-23
1-A-24

1-A-25
1-A-26
1-A-27

1-A-28
1-A-29
1-A-30
1-A-31
1-A-32

Nominal Alloy Composition
(weight percent)

54. 5Fe-15Ni-25Co-0.5Ti-5Mo

54. 5Fe-15Ni-25Co-0.5Ti-5Ta
54. 5Fe- 15Ni-25Co-0.5Ti-2Mo- 3Ta
54Fe- 15Ni-25Co- 1Nb- 5Ta

52.5Fe- 15Ni-25Co-0.5Be-STa-2Si
67Fe- 12Ni- 20Co- 1Ti

63Fe- 12Ni-20Co-SMo
63Fe- 12Ni-20Co-5Ta
66Fe- 12Ni-20Co-2Nb
66Fe- 12Ni-20Co-2W

67. 5Fe-12Ni-20Co-0.5Be
67. 5Fe-12Ni-20Co-0.5Al

TABLE II-2. Composition of Cobalt Base Alloys 1-B-21 to I-B-31

Alloy
Number

1-B-21
1-B-22
1-B-23

1-B-24
1-B-25
1-B-26

1-B-27
1-B-28

1-B-29
l-B-30

1-B-31

Nominal Alloy Composition
(weight percent)

76. 5Co-20Ni-2Ti-0.5Al-1Zr
77. 3Co-23Ni-2Ti-O. 5_A__-0: 2Zr
77. 5Co-20Ni-2Ti-0.5Al

76Co- 20Ni- 3Ti- 1Al
71 Co- 20Ni- 3Ti- 1Al- 5 Fe

66Co- 20Ni- 3Ti- 1Al- 10Fe
81Co- 15Ni-3Ti- 1Al
71Co- 15Ni- 3Ti- 1Al- 10Fe

75.7Co- 15Ni-3.8Ti-0.5Al-5Fe

76. 3Co- 15Ni-2.2Ti-1.5AI-5Fe
76. 6Co- 15Ni- 1.4Ti-2.0Al- 5Fe

6



Previous test results, reported in the second quarterly report,

showed that an alloy with only 12 weight percent nickel and cobalt

in excess of i0 weight percent, with the balance iron, exhibited

a slightly increased transformation temperature and increased

magnetic saturation temperature compared to similar 15 percent

nickel alloys. Therefore, in the current alloy series, alloys

1-A-26 to 1-A-32 were tested to determine whether addition of

the same single elements which gave rise to age hardening in the

Fe-15Ni-25Co basic composition will also promote age hardening

effects in an alloy composition with Fe-12Ni-20Co.

The compositions of the cobalt base alloys l-B-21 to 1-B-28 were

selected to study the influence of zirconium addition and iron

addition on the precipitation hardening process. In the alloys

1-B-29 to l-B-31, the total atomic percent of aluminum plus

titanium was kept the same as in alloy l-B-15 (76Co-5Fe-15Ni-

3Ti-IA1). However, the aluminum to titanium ratio was varied.

The influence on the age hardening reaction and on the tendency

to promote discontinuous precipitation was determined.

In order to melt the alloys by the levitation melting technique,

small 20 gram compactions were made as described in the second

quarterly report. In most cases, small chips and slugs of the pure

metals were compacted to form the alloy during melting. The

small pieces of the added elements were carefully wrapped in foils

of nickel or cobalt and then inserted in the middle of the compaction.

In a few cases when difficulties were encountered in cold rolling,

master alloys were used in melting the experimental alloys. The

compositions of the master alloys, as specified by the supplier are

given in Table II-3. The method of levitation melting is described

elsewhere in detail (ref. 2). The melting and pouring was done

tmde_: an a_-gon ,,_..-*.... ,,o,,..,,h'_""_ _ _l_htlvo.... _ reduced _uressure. Specimens

for saturation measurements and dilatometer specimens were

machined from the tapered bar-shaped ingots.

The details of measuring magnetic saturation and determining

transformation temperatures were described in the first and second

quarterly reports. The hardness tests and coercivity measurements

were also described therein.

The round sample bars had to be rolled down to small strips of

95 rail thick_n_ess prior to the aging treatments. All of the

martensitic specimens were annealed for one hour at 1832°F

_-,,,,,,i'nnnor,_,_sIn"-,,-_nn{1,,_hp.dtube furnaces then quenched in oil.
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Before cold rolling, the alloys were warmed for about 30 seconds

to 200°F. Cold rolling of the current test alloys was done as de-
scribed in the second quarterly report.

No difficulties were encountered in cold rolling the martensitic

alloys l-A-21 to 1-A-32, except in the case of alloys 1-A-25
(52.5Fe-15Ni-25Co-0.5Be-5Ta-2Si) and l-A-30 (66Fe-12_I-20Co-
2W). These samples broke into pieces during rolling. Remelts
were processed; the remelts were made by using master alloys
and adding 0. 1 percent Mn, which was expected to increase ductility.
Alloy 1-A-30 was then rolled down without difficulty; however,
sample alloy 1-A-25 broke again during rolling. Further study of
alloy 1-A-25 was discontinued.

After cold rolling, the sheet samples were subjected to a series of

heat treatments, as reported in the second quarterly report. A
summary of the treatments is included in this discussion. After

annealing at 1832°F (1000°C) in an argon flushed tube furnace, the

samples were aged for one hour at temperatures successively
increased in steps of 90°F (50°C) to obtain the isochronal curve of

property change at different temperatures. After a homogenization

treatment which consisted of two anneals and a slight deformation
between anneals, an isothermal aging treatment was applied at a
temperature near that which resulted in the maximum value of

hardness as determined from the isochronal aging treatment. In

the case of the martensitic alloys, the isothermal aging tempera-

ture was 1022°F (550°C). In the case of the cobalt alloys, the

temperature was 1292°F (700°C). However, measurements of

property changes such as hardness and coercivity were always
made at room temperature, thus causing an interruption in the

aging treatment to perform the measurements. This method has
been discussed thoroughly and particular reference is made to the
flow charts for a_in_r .qhnwn in l_irrllrp TT_2 _n_ _'_rr,,*,,_ TT_,4 ;n _h,_

second quarterly report.

Samples for optical metallography were prepared in the same

manner as described in the second quarterly report. The mar-

tensitic alloys were mechanically polished, then etched electro-

lyrically in 10 percent chromic acid. The cobalt base alloys were

etched in the solution 20 parts HC1, 40 parts HNO3, 60 parts

glycerin. For the electron microscopic examination of the alloy
l-B-15, the sample was mechanically polished with (IAnde B)
polish applied in the final stem The samples wer_ then electro-

lyrically etched in a solution of 20 percent H3PO 4 in water, current
density 1 to 5 mA/cm 2, using platinum wire as the ,-nfhnde. Then



O

a thin (500 A) carbon layer was evaporated onthe etched surface.

The sample was then electrolytically etched for 10 seconds in the
same solution as noted above to dislodge the precipitate from the
sample. The particles adhered to the carbon film which was then
freed from the metallic surface. Following this etch, the sample

was rinsed in methanol, then the carbon film was floated in dis-
tilled water onto a standard titanium microscope grid. Several

such grids were prepared and placed in the electron microscope
and transmitted at 100 kV in a Siemens Elmiskope. Micrographs

of the structure and of the diffraction pattern of the subtracted

particles were made.

A Debye Sherrer Diagram of the alloy sample 1-B-15 in the
deformed and aged condition was made by conventional X-ray

techniques using chromium K-a radiation with a vanadium filter.

A small piece of the sample had been electrolytically etched to a
rod-like shape of less than 0.1 mm diameter in 10 parts HC104 +

90 parts CH3 COOH.

c. RESULTS

(1) Workability

The results have shown that severe rolling problems arose
in the martensitic alloy 1-A-25 with a base composition

15Ni-25Co, balance Fe containing a combination of the three
elements beryllium, silicon, and tantalum. It had been found

that addition of silicon and beryllium as single elements in-

duced some difficulties during rolling. Instead of adding all

three elements together, it may be more favorable to add
only two elements of this kind together in order to check the

beneficial influence of combinations on the strengthening
mechanism.

In the martensitic alloy l-A-30 where tungsten was added to

12Ni-20Co, balance Fe, difficulties during cold working were
also encountered. It was reported previously that addition of

tungsten, as single addition in the 15Ni-25Co containing alloys,

had led to embrittling. The aging tests of the alloy l-A-30

indicate that two percent addition of tungsten is too small to

produce a strengthening effect. It does not appear justified
to continue the study of the influence of tungsten as single
addition in increased amounts or with a changed basic com-

due to embrittling in the alloys of this composition. Tungsten

10



as a second addition combined with some other alloy which
might compensate the embrittling effect can, however, still
give rise to a beneficial influence on the strengthening
mechanism.

(2) Dilatometer Tests

The transformation temperatures of alloy samples 1- A-21 to

1-A-32, as determined by dilatometer tests, are shown in
Table II-4. One test was made at high cooling and heating
rates of about 90°F/min (50°C/min) and another test was made

at a very slow heating rate of 1.8 to 3.6°F/min (1 to 2°C/min)
and a slow cooling rate of ~9°F/min (5°C/min). The begin-

ning and end of a noticeable deviation in the slope of the thermal

expansion curve are listed in Table I I- 4 as the beginning and
end of the transformation.

All of the alloys tested during the third quarter showed that

transformation from a _ _, even during slow heating,

started at a temperature which was higher than 1202°F (650°C)

except in the case of alloy l-A-21. The transformation tem-

perature of this alloy was slightly lower. In the alloys with

only 12 percent nickel (1-A-26 to 1-A-32), the transformation
during heating started in general at a considerably higher tem-

perature than the alloys with 15 percent nickel with similar
additions (see Table II-3 of first quarterly report). Lowering

the nickel content, therefore, has led to a substantial increase
of the stability of the _ phase. The alloys with beryllium and

aluminum additions again showed the highest temperatures

for start of transformation during slow heating. In all of the

alloys studied, the start of transformation during heating was
at a sufficiently high temperature to expect stability of the a
ohase into the 1022 to 1 112°F fgrnntav, ah,_,_ _,_ncr,'-

The temperatures of transformation during cooling were in-

creased in the martensitic alloys with 12 percent nickel

present compared to the alloys with 15 percent nickel and con-
taining similar additions. The addition of an element to obtain

precipitation strengthening has led, in all cases, (with the

exception of alloy 1-A-32 at 5°C/min cooling rate) to a decrease

of transformation temperature. This may be seen by compar-
ing the test results to those for alloy l-A-15 (shown in Table

I I-4 of the first quarterly report).

The transformation temperatures obtained indicate th=_ it is

questionable whether such a high transformation temperature

can be regarded as a purely martensitic transformation or

11
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should be termed massive (refs. 3 & 4). However, it may
be noted from the aging experiments, that the possibility of
obtaining potent strengthening was not changed by the increased
transformation temperature.

(3) Saturation Measurements

The results of the saturation measurements are shown in
Table II-5 and Table II-6. The third column lists the room

temperature values of saturation magnetic moment after

annealing. The values obtained at room temperature and
at III2°F (600°C) after aging are listed in the fourth and

fifth columns. The martensitic alloys were annealed for one

hour at 1832°F (1000°C); the aging time was one hour at lll2°F

(600°C). The cobalt base alloys were annealed for one hour at

2212°F (ll00°C); the aging time was one hour at 1292°F (700°C).

The values in the tables were measured as saturation magnetic

moment per gram in cgs units (a). This value may be con-

verted to the approximate saturation in gausses by the equation:

B s = 4;6 a ,

where:

= density in g/cm 3

a = saturation magnetic moment emu/g.

Generally, for the martensitic alloys, 100 was used as the

product of 4_$ in this report. In the case of the higher density

cobalt alloys, the value 110 was used for 4 _ _ .

The values of magnetic saturation of the m_rten_itic _llnys

(Table II-5) show that the decrease of nickel content from 15

to 12 percent lead to substantially increased values of magne-

tic saturation at ll12°F (600°C) compared to the alloys with

15 percent nickel. The addition of two elements to the alloys

with 15 percent nickel slightly reduced the measured values

of magnetic saturation at room and elevated temperatures

compared to the values for the same base with one addition

(see Table II-7 in the second quarterly report). Alloy l-A-21

is the only sample in which saturation is slightly below

15,000 G at ll12°F (600°C).

The values of magnetic saturation of the cobalt base alloys
(Table II-6) are substantially lower than the values for the

13
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martensitic alloys. All the measured values are above

B s = 11,000 G at ll12°F (600°C) that one finds in Nivco alloy
(Co-23Ni-lZr-2Ti). It is recognized that the addition of

zirconium increases the magnetic saturation as long as it is

in solid solution. The solubility limit is likely to be in the
region of 0.1 to 0.2 weightpercent zirconium. Alloys 1-B-24to 1-B-26

show the influence of iron on magnetic saturation. The values

increase at room temperature, but there is no effect on the
values at ll12°F (600°C) which confirms the earlier measure-

ments where the influence of iron was studied on different

base alloy compositions. One may note again the decreasing

influence of nickel on magnetic saturation comparing the data
of alloys 1-B-24 to 1-B-26 with 1-B-27 and 1-B-28 in Table

II-6 of this report and alloy l-B-15 (see Table II-8 in the

second quarterly report). The change of the ratio Al:Ti

increases the magnetic saturation at room temperature as

the amount of aluminum increases. At ll12°F (600°C), the
change of the ratio has nearly no effect on the values of
magnetic saturation.

(4) Aging Tests

The isochronal curves for Vickers pyramid hardness and

coercivity with the constant time of one hour and changing
temperature in increments of 90°F (50°C) were plotted.

Figure I I-1 shows the curves for the martensitic alloys

l-A-21 to 1-A-24 containing 15 percent nickel. Figures II-2

and I I-3 show the curves for seven alloys with 12 percent
nickel and a curve of a similarly treated 15 percent nickel
maraging steel (M-15) for comparison. The maximum values

of room temperature hardness which were measured for the

alloys during this aging program are listed in Table II-7.

obtained and the associated coercivity value are also listed.

The isochronal aging tests showed that, with the exception of

alloys l-A-30 and 1-A-32, considerable strengthening occurs.
Apparently the 0.5 percent aluminum addition and the addition

of two percent tungsten to the 12 percent nickel-containing
alloys does not lead to precipitation hardening because the

solubility limit may be larger. The coercivity values are

about 25 percent lower for the 12 percent nickel alloys than
in the c__sp, of the !5 percent- nie kaI g_ngrirngnf_l nllnv with

similar additions, and do not show an increase in coercivity
at !202°F (a._n°_) _in_ f_mp,_r_f.v_ in fha fnvrna,, _a
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The combination of two or more elements in alloys l-A-21

to 1-A-24 has led to higher peak values of hardness than in

the alloys with only one element addition (alloys l-A-1 to
l-A-6). This may depend on a larger amount of precipitate;

however, the coercivity values have also increased.

Isothermal aging tests were conducted at 1022°F (550°C) on

the martensitic group alloys with the exception of alloys
l-A-30 and 1-A-32 which did not show a substantial increase

in hardness during the isochronal aging routine. The iso-

thermal change in hardness and coercivity for the martens-

itic group alloys with 15 percent nickel are plotted in Figures
II-4 and II-5. Test results for alloys with 12 percent nickel

are plotted in Figures I I- 6, I I- 7 and I I- 8. The isothermal

change in hardness and coercivity of a 15 percent nickel

maraging steel is plotted in Figure II-8 for comparison.

The isothermal aging tests of the alloys with 15 percent
nickel at 1022°F (550°C) exhibited a slight decrease of hard-
ness and a noticeable increase of coercivity during the 100

hour period of aging, indicating that stability of the structure
might be less than in the alloys with only one element (i. e.,

tantalum) added. The alloys with 12 percent nickel showed

a slight decline in hardness values during aging test. The

coercivity, however, remained constant or decreased during
the 100 hour test. In no case was the coercivity higher than

25 oersteds after the 100 hour aging. One might conclude

that in these alloys over-aging by particle coarsening appears

to be more likely than by diffusion controlled transformation.

However, this point has to be studied in more detail by elec-

tron microscopy. In the series with 12 percent nickel, the
alloys with titanium (1-A-26) and with tantalum (1-A-28)
_nn_ fn h_ th_ rnn_t _t_hl_ _11n_

The results of the isochronal aging tests of the cobalt alloys

l-B-21 to l-B-31 are plotted in Figures II-9, II-10, and

II-11. The maximum room temperature hardness values which

were obtained by isochronal aging of these alloys are listed

in Table I I-8 along with the aging temperature at which the
maximum hardness was obtained. The room temperature

coercivity value for this aging temperature is also listed.

The results of isothermal aging tests are plotted in Figures

II-12 through II-17. The result of a special test to study the

influence of cold rolling on isothermal aging is included in
Fibre II-17. The special test was conducted on alloy l-B-15

(76Co-5 Fe- 15Ni- 3Ti- 1A1) which had been studied previously
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L (Deformed) During isothermai Aging
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on this program and had been subjected to the aging routine
as 95 mils thick strip. This strip was annealed again for

one hour at 1832°F (1000°C), then cold rolled to a strip about
45 mils thick (_ 50 percent deformation). The cold rolled
sample was then submitted to isothermal aging at 1292°F
(700°C). The measured change in room temperature hard-

ness and coercivity were plotted in Figure I I-17.

The strengthening effect in the cobalt base alloys was, in

general, less pronounced than in the case of the martensitic

alloys. The maximum room temperature hardness during
the isochronal aging was found at 1292°F (700°C), a con-
siderably higher temperature than in the martensitic alloys.
The addition of zirconium gave a strengthening effect which
was primarily a solid solution hardening. The iron addition

reduced the strengthening effect, while higher nickel content
increased the strength. Increasing the ratio AI :Ti, while the
total amount of A1 + Ti in atomic percent was kept constant,
reduced the strength.

During isothermal aging, the hardness values remained
constant or increased slightly during the aging period of 100
hours. Only the deformed sample of alloy 1-B-15 was an
exception. The hardness reached a relatively high peak value
of 420 VHN after one hour isothermal aging and dropped within
the 100 hour aging time to 280 VHN. The coercivity, however,
increased during aging in all samples. The increase of coer-
civity was larger at the higher hardness levels. The increase
of coercivity was, however, most pronounced in the deformed
alloy 1-B-15 during isothermal aging.

(5) The Microstructure

•-igures ii-i8 through ii-22 si_ow tile itgnt micrograpl_s ol the
structure of the martensitic alloys with 12 percent nickel aged
for 100 hours at 1022°F (550°C). One notices the presence of
etch pits, which are extremely dense in the alloy 1-A-27,
which contains the molybdenum addition.

The appearance of the microstructure of the martensitic

alloys studied with 12 percent nickel was somewhat different
from the alloys containing 15 percent nickel with similar
additions. The precipitate is much less pronounced. Only

the alloy I-A-27 with n, ulybdenum addition appears similar to
the alloys with 15 percent nickel. A true grain boundary

precipitate does appear in the alloys 1-A-27 and i-A-29, in-

dicating that molybdenum and niobium may promote this effect.
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Microns 

Electrolytically etched in 10 percent chromic acid 

FIGURE 11-18. Microstructure of Alloy 1-A-26 (67Fe-lZNi-ZOCo-lTi) 
After 100 Hours Aging at 1022°F (550°C) 500X 
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3” 
Microns 

Electrolytically etched in 10 percent chromic acid. 

Note density of etch pits. 

FIGURE 11-19. Microstructure of Alloy 1-A-27 (63Fe-12Ni-20Co-5Mo) 
~ After  100 Hours  Aging at 1022°F (550°C) 500X 
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Microns 

Electrolytically etched in 10 percent chromic acid. 

FIGURE 11-20. Microstructure of Alloy 1-A-28 (63Fe-12Ni-ZOCo-5Ta) 
After 100 Hours Aging at 1022°F (550°C) 500X 
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3” 
Microns 

Electrolytically etched in 10 percent chromic acid 

FIGURE 11-21. Microstructure of Alloy 1-A-29 (66Fe-12Ni-20Co-2Nb) 
After 100 Hours Aging at 1022°F (550°C) 500X 
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3:: 
Microns 

Electrolytically etched in 10 percent chromic acid 

FIGURE 11-22. Microstructure of Alloy 1-A-31 (67.5Fe-12Ni-20Co-0.5Be) 
After 100 Hours Aging at 1022°F (550°C) 500X 
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TABLE II-9.

Alloy
Number

I-B-21

1-B-22

1-B-23

!1-B-24

I1-B-25

1-B-26

1-B-27

1-B-28

1-B-29

1-B-_30

l-B-31

Mean Grain Diameter (din) and Volume Fraction (a) of

Discontinuous Precipitate in Cobalt Base Alloys

Nominal Alloy Mean Grain Amount of Dis-

Composition Diameter- continuous Precipitate
(weight percent) dm (mm) (volume percent)

76.5Co-20Ni-2Ti-lZr-0.5AI

77.3Co-20N1-2Ti-0.2Zr-0. 5A1

77.5Co-20Ni-2Ti-0.5At

76Co-20Ni-3Ti-lAI

71Co-20Nt-3Ti- 1AI-5Fe

66Co-20Ni-3'ri- 1A1-10Fe

81Co-15Nt-3Ti-1A1

71Co- 15Ni-3Ti-1A1-10Fe

75.7Co-15Nt-3.8Tt-0.5AI-5Fe

76.3Co-15N1-2.2Ti-1.5AI-SFe

76.6Co-15N1-1.4Ti-2.0AI-5Fe

0.02

0.04

0.08

0.11

0.15

0.16

0.09

0. 17

0.13

0.10

O. 10

i

4

3

13

17

6

2

9

1

5

Trace

I

Figures II-23 through II-33 show the microstructure of the

cobalt base alloys after aging of 100 hours at 1292°F (700°C)
r-

one notices that the grain size and the extent of discontinuous

precipitation differs among the alloys. In Figure I 1-23, one

can recognize the presence of globular particles of an in-

clusion phase. The volume fraction of discontinuous precipi-

tation and the grain diameter for the different alloys are shown

in Table I I-9. The microstructure of the deformed sample of

alloy I-B- 15 (76Co-SFe-15Ni-3Ti- 1A1), similarly aged, is

shown in Figure I 1-34. One notices that the deformed sample

is almost 85 percent volume fraction heterogenized while the

non-deformed sample shows only five percent discontinuous

precipitation at the same isothermal aging treatment of 100

hours at 1292°F (700°C). (See Figure I 1-22 of the second

quarterly report. )
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B D  A 

20 

10 

0 
Microns 

A - Second phase particles 
B - Discontinuous precipitate (cellular precipitate at grain 

boundaries 
C - Twinboundaries 
D - Grain boundaries without precipitate 

Etchant: 20ml HC1, 40ml HN03,60 ml glycerin 

FIGURE 11-23. Microstructure of Alloy 1-B-21 (76.5Co-2ONi-2Ti-lZr-0.5Al) 
After  100 Hours Aging at 1292°F (700°C ) lOOOX 
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B D C 

A - Second phase particles 
B - Discontinuous precipitate (cellular precipitate at 

grain boundaries 
C - Twin boundaries 
D - Grain boundaries without precipitate 

Etchant: 20ml HC1, 40ml "03, 60ml glycerin 

FIGURE 11-24. Microstructure of Alloy 1-B-22 (77.3Co-2ONi-2Ti-0.2 Zr- 
0.5Al) After 100 Hours Aging at 1292°F (700°C) 500X 
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I f  
Microns 

Etchant: 20ml HC1, 40mlHNO3, 60ml glycerin 

FIGURE 11-25. Microstructure of Alloy 1-B-23 (77.5Co-20Ni-2Ti-0.5Al) 
After 100 Hours Aging at 1292°F ('700.C) 500X 
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Etchant: 20ml HC1, 40x111 "03, 60ml gylcerin 

FIGURE 11-26. Microstructure of Alloy 1-B-24 (76C0-20Ni-3Ti-lAl) 
After 100 Hours Aging at 1292°F (700°C) 500X 
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Microns 

Etchant: 20ml HC1, 40ml "03, 60ml glycerin 

FIGURE 11-27. Microstructure of Alloy 1-B-25 (71Co-2ONi-3Ti-lAl-5Fe) 
After 100 Hours Aging at 1292°F (700°C) 500X 
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3; 
Microns 

Etchant: 20ml HC1, 40ml "03, 60ml glycerin I 

FIGURE 11-28. Microstructure of Alloy 1-B-26 (66C0-20Ni-3Ti-lAl-lOFe) I I 

After 100 Hours Aging at 1292°F (700°C) 500X , 
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Etchant: 20ml HC1, 40ml "03, 60ml glycerin 

3" 
Microns 

FIGURE 11-29. Microstructure of Alloy 1-B-27 (81Co-15Ni-3Ti-lAl) 
After 100 Hours Aging at 1292°F ('700°C) 500X 



Microns 

. .  . .  

Etchant: 20ml HC1, 40mlHNO3, 60ml glycerin 

FIGURE 11-30. Microstructure of Alloy 1-B-28 (7lCo-15Ni-3Ti-lAl-lOFe) 
After 100 Hours Aging at 1292°F (700°C) 500X 
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Microns 

Etchant: 2Oml HC1, 40ml "03, 60ml glycerin 

FIGURE 11-31. Microstructure of Alloy 1-B-29 (75.7Co-15Ni-2.8Ti-0.5Al- 
5Fe) After 100 Hours Aging at 1292°F ('700.C) 500X 
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Microns 

-- 

Etchant: 20ml HC1, 40ml "03, 60ml glycerin 

FIGURE 11-32. Microstructure of Alloy 1-B-30 (76.3C0-15Ni-2.2Ti-1.5Al- 
5Fe) After 100 Hours Aging at 1292°F (7OO.C) 500X 

53 



3" 
Microns 

Etchant: 20ml HCl, 401111 "03, 60ml glycerin 

Note absence of discontinuous precipitate 

FIGURE 11-33. Microstructure of Alloy 1-B-31 (76.6Co-15Ni-1.4Ti-2.OAl- 
5Fe) After 100 Hours Aging at 1292°F ('700.C) 50X 
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Etchant: 20ml HC1, 40mlHNO3, 60ml glycerin 

Note nearly heterogenized structure 

FIGURE 11-34. Microstructure of Alloy 1-B-15 (76C0-5Fe-15Ni-3Ti-lAl) 
After 100 Hours Aging at 1292°F (700°C). The Alloy Was 
Subjected to 50 Percent Deformation Before &ng. 500X 
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The electron microscopic observation of the structure on a

replica of the deformed sample of alloy l-B-15 is shown in
Figure I I-35 of this report. The structure of the observed
phases by X-ray or electron diffraction technique are listed
in Table II-10.

The observation of the grain structure of the cobalt base

alloys presented in this report (Table II-2) showed that the
increase of hardness and the increase of coercive force

during aging is associated with the amount of discontinuous
precipitation present. The measured value of hardness can
only be related to the expected value of creep strength when
discontinuous precipitate is kept at a very low level It,
therefore, appears justified to keep the iron content at about
five percent. The ratio of AhTi should be kept at a higher
value than that which would give maximum hardness. Such a
measure is regarded as beneficial for creep properties. The
zirconium content provides a certain beneficial influence on
strength without increasing the amount of discontinuous precip-
itate. Its main influence appears to be a solid solution harden-
ing. The control of grain size by secondphase particles might be

a minor effect and it willbe questionable whether the small grain
size of the alloy is beneficial for creep strength _t high temperature.

The X-ray and electron microscopic examination of the de-
formed and aged alloy sample 1-B-15 has verified that the pre-
cipitate phase which might be present to a total of about 20 to
30 volume percent is a face centered cubic phase of the gamma

prime type. This phase • ', which is related to Ni3A1, has a
somewhat larger lattice constant, a = 3. 60 A compared to a =
3. 56 _ for Ni3A1 (ref. 5), which might indicate that a certain
amount of aluminum is replaced by titanium (ref. 5). It is
•l_T,,m,_i-i,_r_,t_,_,,_.,,,._,^ 141,-,._1T,, &ll_.._& ,,_ ,,'D,T'hl,'t'_4_'b n',,'."_,'_'t_,'l" ,'.$ ,-.,,_1_,.,1t- 1_.-_,.., ,,-,,,_l,_,,,,,f_

tuted for the nickel atoms (ref. 6). From this result, one may
conclude that in the alloys studied, the tendency to form • '
precipitate is the main source of strengthening in the cobalt
base alloys.

(6) Conclusions

The results have shown thatthe martensitic alloys have the

potential to provide high values of magnetic saturation and
birth '_,,,_1'_ nf _t_no'th_ Thp f_mnor_tllr'_ r_¢rinn wh_r_ rm_

may expect sufficient stability of the matrix of the alloys
t_st_d thus far is l_mit_d t_ !022°F i_n°_ T, th_ s|ln,r_ ,zrith

12 percent nickel, the stability of the alpha phase seems to be
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A 

/* 10 

5 1 0 
Microns 

A 

A - Precipitate particles are  primarily gamma prime 

FIGURE 11-35. Electron Micrograph of Replica of Alloy 1-B-15 (76Co-15Fe- 
15Ni-3Ti-1Al) After 100 Hour Aging at 1292°F (700°C). The 

Alloy Was Subjected to 50 Percent Deformation Before 
Aging, 3000 X. (See Text) 
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.

much better than in the case of the 15 percent nickel alloys.
However, there are indications that in the alloys of 12 per-
cent nickel overaging might occur at 1022°F (550°C) by
particle coarsening. This must be determined in future tests.
Therefore, the most important problem does not appear to be
finding an alloy composition which is stable against transfor-

mation at a sufficiently high temperature and still maintains
its potential for martensitic age hardening but will be to find
a suitable alloy combination which restrains the precipitate
particles from growing. The screening of combinations of
additions of elements will therefore be continued.

The cobalt base alloys, though lower in strength and magne-
tic saturation, indicate that the stability of the matrix may be
limited at a temperature near 1292°F (700°C) when discontinu-

ous precipitate can be supported. The results obtained so far
indicate a composition with 15Ni, 5Fe, 2.2Ti, 1.5A1, 0.2-0.5
Zr, balance Co may give an optimum of strength with no dis-
continuous precipitation.

Program for the Next Quarter

a) A group of martensitic and cobaR alloys will be meRed. The
influence of the addition of combinations of elements on the

rate of precipitation in the martensitic type alloys will be
determined.

Additions will be made to the cobaR base alloys to obtain
solid solution strengthening. The effect of all additions on

magnetic saturation will be determined.

b) Alloys will be selected for melting larger ingots and for
additional mechanical testing.
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B. TASK 2 - INVESTIGATION FOR RAISING THE ALPHA TO GAMMA
TRANSFORMATION TEMPERATURE IN COBALT-IRON ALLOYS

1. Summary of Technical Progress

Three alloys were melted by levitation melting technique and two alloys
were prepared by sintering techni'que. The base composition was 45Co,
53Fe, with two weight percent addition of arsenic, phosphorous, zinc,
dysprosium or gadolinium. The magnetic saturation and the alpha to
gamma transformation temperature were measured. Test results indi-
cated that the magnetic saturation was decreased by the addition of the

elements. The transformation temperature was increased by about
9°F (5°C) per weight percent of the additions tested.

2. Discussion

a. BACKGROUND

The primary goal of this investigation was to determine whether
the alpha to gamma transformation temperature in iron-cobalt
alloys can be increased by alloying, thereby raising the temper-
attire level at which a ferromagnetic, iron-cobalt alloy can be
used.

The results of transformation temperature tests in iron-cobalt
alloys (shown in the second quarterly report) indicated that a basic

composition of 40 to 45 cobalt balance iron had a distinctly higher
transformation temperature than an alloy with 50 percent cobalt.
The remaining alloys which were to be melted therefore were
slightly modified in the Co:Fe ratio, as noted in Table II-11.

b. EXPERIMENTAL PROCEDURE

The method of melting the alloys, preparing the samples and the

methods of testing were described in the first and second quarterly
reports. The alloys containing arsenic or zinc could not be obtained

by melting because of the high vapor pressure of arsenic and zinc.

These alloys were therefore prepared by sintering.

After thorough mixing of the weighed metal powders, the mixture

was pressed in a rubber mold by applying 50,000 psi. A rectangu-
lar bar of 1-1/8 inch x 3/16 inch x 5 inches was obtained. The bar

was placed into a quartz tube and sealed under a vacuum of 10-3

torr. The sealed quartz tube was put into a chrome-nickel steel

_._n_.l,____.____*rid...........nnezled in a tube furnace according to the procedure
indicated in Table II-12. A semi-quantitative spectrographic
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TABLE II-11. Alloys for the Alpha to Gamma Transformation Study

Alloy
Number

2-2 S

2-6 S

2-16 S

2-19 S

2-20 S

Nominal Alloy Composition
(wetShtpercent)

53Fe-45Co-2As

53Fe-45Co-2P

53Fe-45Co-2Zn

53Fe-45Co-2Dy

53Fe-45Co-2Gd

Remarks

Sintered

Melted

Sintered

Melted

Melted

TABLE II-12. Sintering of Alloys 2-2 S and 2-16 S

Alloy 2-2 S (53Fe-45Co-2As)
TemperaL_tre Time

(°F) ! (°C) (hours)
I

- --- ,-,w_ ')A

1112 600 68

i

1292 700 24

1472 ! 800 24

1652 900 24

1832 1000 24

Furnace cooled to room
temperature

(°F)

1112

1292

1472

1652

1832

Alloy 2-16 S (53Fe-45Co-2Znl

Temperature Time

500 17

600 24

700 24

800 95

900 24

1000 24

Furnace cooled to room

temperature
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analysis showed that some of the arsenic and zinc was lost during
the sintering process. The zinc content of the alloy was one
weight percent after sintering. The arsenic content of the alloy
was between 1.5 and 2 weight percent. The dilatometer samples
and the small slugs for magnetic saturation were machined from
sintered bars.

c. RESULTS

The magnetic saturation measurements were made at room tem-

perature at ll12°F (600°C) and at 1652°F (900°C). Data are listed
in Table II-13. The transformation temperatures which were ob-
tained from the dilatometer tests are listed in Table II-14.

The results show that the alloying additions decrease the magnetic
saturation in all cases. The amount of decrease in the case of
alloy 2-16 S was less because of the lower amount of zinc addition

retained compared to the amount in the other alloys. All five alloy-
ing additions increased the transformation temperature. The in-
fluence of arsenic, however, was very small in comparison to an
alloy 55Fe-45Co tested previously. In the case of the other alloys,
the increase in transformation temperature was about 9 to 18°F
(5 to 10°C) per weight percent addition. The effect is similar to

that encountered in the alloys studied previously on this program
where an increase in transformation temperature was found. The
values of transformation temperature found in the alloys reported
here are somewhat higher because of the change in ratio Co:Fe
and of the higher content of alloying additions.

The results obtained thus far confirm that certain elements raise

the alpha to gamma transformation temperature. The magnetic
saturation is, however, decreased. The effects are not very pro-
ncunce_ c_ c__n _ssume that alloying with three to five weight
percent of addition will represent a limit, so the maximum increauu

of transformation temperature may be limited to about 45°F (25°C).

The reason for the difference between the measured values of

transformation temperature in the matrix iron-cobalt alloys from
those data in the literature which are used as reference values

(ref. 7) is still not understood. However, H. Masumoto reports
values of transformation temperature (ref. 8) which are similar to
those which were found in this study. W. C. Ellis (ref. 9) reported
d_ta which were about 36°F (20°C) higher than those found on this

program. However, Ellis had subjected all of the alloys to a long-
time homogenization annealing treatment. The discrepancy of this
data reported in literature is of the same magnitude as the influence
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of alloying additions found on this program. Therefore, it may be
possible that a long-time anneal will have an influence on the trans-
formation temperature of the iron-cobalt alloys similar to the in-
fluence of single element additions on these alloys.

The results obtained from this limited study, while offering a method
for modest increase in the _ to • transformation, are not of sufficient
magnitude to suggest this method as an approach for grossly increas-
ing the useful temperature of magnetic materials.

3. Program for the Next Quarter

Work is complete and will be reported in the Final Topical Report and
used as a guide during Task 1 of this program.
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C. TASK 3 - DISPERSION-STRENGTHENED MAGNETIC MATERIALS FOR

APPLICATION IN THE 1200 TO 1600°F RANGE.

1. Summary of Technical Progress

a) Chemical analyses were reported by the suppliers for the 18
prealloyed atomized powders purchased for this project. The
analyses were sufficiently close to the intended compositions
to permit the powders to be processed into extrusions for
testing of magnetic and tensile properties.

b) The average particle diameters of the 18 prealloyed atomized

powders, after screening through 325 mesh, were determined
with the Fisher Sub-Sieve Sizer and found to He in the range
from 10 to 2 6 microns. (Particle size distributions will be
determined at a later date. )

c) Examination of the atomized powders under the optical micro-
scope confirmed the particle size determined with the Fisher
Sub-Sieve Sizer. Several of the powders conJ_dning boron had
particles which were substantially spherical, while the remain-
ing compositions had particles which tended to be more irregu-
hr. Since the atomizing method used with each alloy was
essentially the same, the particle shape obtained was mainly
influenced by chemical composition.

d) The powder particles had a fine, cast microstructure which
was promoted by the high rate of cooling and solidification
during the atomizing process. The dispersed constituent
particles were generally so small that they could not be re-
solved at 1000X magnification. Thus, the microstructure was

._'.b_t w_e desired and the prealloyed atomized powders should
make an excellent starting material for the production cf
dispersion-strengthened extrusions.

e) Charges weighing approximately two pounds each of six cobalt
base and six 27% Co-Fe base alloy atomized powders (minus
325 mesh) were reduced in purified and dried hydrogen (less
than -60°F dew point), isostatically compacted at room tem-
perature, and sintered. The size of the sintered compacts
made from the 12 powders was roughly two inches diameter
by three inches long and compact densities ranged from 59 to
82 percent of theoretical.
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f) Extrusion tools, dies, lubricants, and low carbon steel cans
to contain the compacts were obtained for the initial extrusion
trials involving the 12 sintered compacts.

g) Composite powder No. 3 (Co+10v/o ThO 2 made with 0.01 to
0.06 micron thoria) was received from Sherritt Gordon Mines
Ltd. Vitro Laboratories supplied composite powder No. 11
(27%Co-Fe+10v/o ThO 2 containing 0. 01 to 0.06 micron thoria).

Composite powders No. 1 (Co+10v/o AI203 containing 0.01 to
0.06 micron alumina) and No. 2 (Co+10v/o A1203 containing
0. 1 to 0. 6 micron alumina) were delivered by Charles Pfizer
and Co. Since the microstructures of the powders made by
the Pfizer process appeared to be suitable for processing into

dispersion-strengthened products, Pfizer has proceeded with
the manufacture of composite powders Nos. 3, 4, and 11 which
contain thoria of various particle sizes dispersed in a cobalt
or 27%Co-Fe matrix. This completes the series of composite
powders selected for the initial evaluation phase of this project.

h) The average particle diameters of the composite powders made
by Sherritt Gordon and Charles Pfizer ranged from 2.6 to 3. 9
microns, as determined with the Fisher Sub-Sieve Sizer. The

Vitro powder was reported to be submicron and pyrophoric.
The composite powders from Sherritt Gordon and Charles
Pfizer appeared to contain fine, uniform dispersions of oxide
particles. The Vitro material will be examined at a later date.

Also, particle size distributions for all composite powders
will be obtained later.

i) A 3/8 inch diameter by 84 inch length of hot extruded red of
Co+10v/o ThO 2 (0.01 to 0.06 micron thoria), Supplier

E..___,-,sinn No. 3. was received from the New England Mate-
rials Laboratory. The two rods containing 2 v/'o thorL_
dispersed in a cobalt matrix which are being obtained for test-
ing in both the hot extruded and 85 percent cold reduced con-
ditions, are scheduled for delivery on October 15 by Curtiss
Wright Corp., Metals Processing Division.

2. Discussion

The purpose of this project is to develop a dispersion-strengthened,
m_etically soft material for use in the 1200 to 1600°F temperature
range for rotor applications. As a goal, the material sho'J/d b_ve the

fo!!owing properties at some temperature between 1200 and 1600°F,
preferably at 1600°F.
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Saturation magnetization, Bs
Coercive Force, Hc
Creep strain in 10, 000 hours at 10, 000 psi

12,000 gauss
(25 oersteds

(0.4 percent

a. PREALLOYED ATOMIZED POWDERS

(1) Measurement on Powders

The weights of atomized powders produced by the two suppliers
and shipped to Westinghouse are given in Table II-15. Also,
the supplier'slotor batch number is listed. The suppliers
sufficiently defined and recorded the details of their process
so that they can reproduce the production of their products
at a later date, if desired. The requirement that at least
10 pounds of minus 325 mesh powder of each alloy be provided,
was met. The powders which were ordered through Domtar
Chemicals Ltd. were made by B. S.A. Metal Powders Ltd.,
Birmingham, England. The greatest yield of minus 325 mesh
powder was obtained with alloy Nos. 4 and 13, both of which
contained zirconium.

The minus 325 mesh and plus 325 mesh fractions of each

powder were delivered to Westinghouse, air-packed in plastic
bags inside separate, sealed metal cans. Upon receipt, the
entire minus 325 mesh portion was mixed for 15 minutes in

a 0.25 cubic foot double cone blender made of type 304 stain-
less steel, (U. S. Stoneware Universal Laboratory Mixer).
All powder samples taken for subsequent testing or processing
were screened again through 325 mesh at Westinghouse. The
screening operation was conducted for about 30 minutes using
eight inch diameter Tyler sieves on a Cenco-Meinzer Sieve

_°_,,?_kcr On *be avpr'age, approximately six percent by weight
of the powder designated minus 325 mesh by the supplier wa_
too coarse to pass through the 325 mesh sieve in our labor-

atory. No treatment was applied to this oversize portion to
try to make it pass through 325 mesh.

The chemical analyses of the minus 325 mesh fractions of the

18 atomized powders were reported by the powder suppliers
and are listed in Table II-16. Also listed for comparison
are the intended compositions and the target compositions for
t_he v_rious elements which the suppliers worked towards. As

indicated in Table II-15, Hoeganaes S_ouge iro_ Corpo_ti_.n
_Jpp!ied seven cobalt base and seven 27%Co-Fe base alloys,
while Domtar Chemicals Ltd. supplied two cobalt base and
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TABLE II-16. Chemical Analyses of Prealloyed Atomized Powders (a)

(Minus 325 Mesh Fraction)

Westinghouse

Composittorml Targets

Powder No.

1. Intmlk.d
Actual

2. Inteaded
Actual

3. Intended

Actual

4. Intended

Actual

5. Intended
Amid

6. Intemied

Actual

7. Intemted

Actual

8. Intended

Acnml

9. Intended

Actual

Westinghouse
Compositional Targets

Powder No.

10. Intended

Actual

11. Intended

A©tml

12. Intended
Actual

13. Intended
Actual

Jt_. HI_

Actual

15. Intended
Actual

16. Intended

Actual _IActual

17. Int_c_,d

Actual

18. In_Ki_l

Actual

Notes:

Mn Si

0.04 max. 0.04 max.

0._ 0.12

0.23 0.20

0.24 0.23

0.26 0.10

0.19 0.04

0.17 0.38

<0.1 O.O7

0.22 0.27

<0.05 0.012

0.50 max. 0.25 max.

<0. O5 0.01

0.27 0.43

0.14 0.08

O. 11 O. 22

0. 14 0.14

0.08 0.09

o o.o17:| o.18

0.43 0.26

<o. 1 0.08

Reported by the powder supplier(a)
(b)
(c)
(d)

C

O.020max.

O. 016

O. 066

O. 035

0.044

O. 043

O. 069

O. 033

0.009

O. 028

O.020max

0.04

O. 038

O. 034

O. 023

0. 038

O. 084

0.034
O. 032

0.010

0.026

S P

0.006 max.

O. 005

O. 005

0.005

0.005

0.007

O. 005

<0.002

0.004

<o. OO2

O.025max.

0.016

0.012

0.013

0.011

0.013

0.010

<0.002
<o. OO2

0.010

<o. oo2

_.OlOmax.

<0.005

<o.oo5

<0.005

<o.oo5

(o.oos

I<o.085

<0.005

i<o.oo5

0.01

0.015max.

<0.005

<o.oos

<o. OO5

<O.OOS

<0.005

<0.005

0.011
0.014

(0.005

<o.o08

lm

0.70 max.

0.81

0.51

O. 32

0.26

0.58

0.58

0.36

0.29

0.48

0.70 max.

O. 20

O. 14

O. 14

O. 12

O. 16

O. 16

<0.05
<0.05

0.10

<o. 05

Cr

0.01

0.07

0.012

<O.Ol

O. 02

O. 016

<o.1

O. 022

0.07

O. 030

0.060

O. 050

0.064

0.038

0.030

<0.1
<o.1

0.016

<o.1

Hoegames Sponge Iron Corporation agreed to a tolerance of _ 0.8_ for B and Ti.
Domtar Chemicals Ltd., Lot No. HN-183

Domtar Chemicals Ltd., Lot No. HN-185



_Elemeut (percent b_, w_*)
Co Fe B Ti Zr

Ira.0

N.84

98.0
97.11

96.8
95.84

94.8
93.43

94.8

93.11

90.7

90.01

96.0
96.9

97.5
95.59

98.7
97.7

.1.50

_.0
25.82

26.5
25.66

26.1
26.48

25.6

24.75

_5.o

25.82

24.5

24.13

25.9

29.5
29.8

26.3

2_.47

26.6
27.9

O.U

0.28

O. 25

0.62

0.21

0.14

(e)

O. 97

(e)

s2.0

73.0

73.71

71.5

70.95

70.7

71.29

69.2
69.73

ug. 2
68. eO

66.2
67.16

70.1

67.3
68.4

71.0
69.69

72.0

70.0

.o.2(b)
i i

2.0
1._

1.0
1.3

1.0
1.3

1.0

1.1

1.0
1.2

so.2_)

2.0
1.6

1.0

0.9

1.0

1.1

1.0

0.9

1.0
1.0

,0.4(b) ,0.8

2.2

1.60

4.2

3.43

s0.4 Col. i-0.8

2.2
1.83

4.2

3.24

(e) Not detected.

Cb

s0.8

4.2

4.38

*0.8

4.2
4.07

Tit

sl.6

8.3
7.66

+1.6

8.3

6.95

Ce

sO. 8

4.0
2.27

s0.8

4.0

2.61
0.7

ALl

sO. 5

2.5
2.46

_0.5

2.7

2.33

Be

sO. 3

1.3
1.94

_0.3

1.4
1.4



two 27% Co-Fe base powders. The following general trends
were observed in regard to meeting the target chemical com-
position specifications which the suppliers worked towards
for prealloyed atomized powders:

(a) Cobalt Base Alloys

1) Hoeganaes Powders

The impurities Mn, Si, and C tended to be slightly higher
than the target specifications, while, S, P, and Ni tended
to be within the specifications. The Co and alloying ele-
ment contents were within the specifications.

2) Domtar Powders

The impurities Mn, Si, and C tended to be slightly high,
while S, P, and Ni were within the specifications. In re-

gard to alloying elements, Ce was lower and Be slightly
higher than desired.

(b) 27% Co-Fe Base Alloys

1) Hoeganaes Powders

Concerning the impurities, C tended to be high while Mn,
SI, S, P, and Ni were within the specifications. The Co,
Fe, and alloying element contents were within the specifi-
cations.

2) Domtar Powders

The C contents were ingher than me speclilcauons, wiu[e
Mn, Si, S, P, and 1_1 impurities were within the specifi-
cations. The Ce alloy content was low, while Be was as
intended.

In addition, the following specific comments are made in regard
to chemical analyses. The manganese and silicon contents of
atomized powders Nos. 2, 3, 4, 6, 11 and 17 were higher than
average. It was necessary for Hoeganaes Sponge Iron Corpor-
ation to add intentionally manganese and silicon, usually in
....... _- -_ ly O. _ ....,uuu-_lL_ ul _iJ_-u_dmate _v percent ..... order to -'ill-_4 _11_ £II

crease fluidity and achieve proper flow of the molten metal
through the atomizir_ nozzle. Of aU the a11oyit_g elements,
cerium was the most difficult to retain in the powder in the
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intended amount. The greatest difficulty was encountered

during the atomizing of powder No. 16. The molten alloy
froze in the atomizing nozzle because the metal temperature
was too low during the first nm (Domtar Lot No. HN-183),

and atomizing ceased after only 21 pounds of powder had
been produced. The remainder of the charge was remelted,
more cerium added in an attempt to compensate for melt loss,
and atomization proceeded for the second time (Domtar Lot
No. HN-185). However, the cerium losses in beth runs of
powder No. 16 were higher than anticipated and the actual
cerium contents were 2.61 and 0.7 percent, respectively,
compared with 4.0 percent intended.

An indication of the precision of the chemical analyses re-
ported by the powder suppliers was requested. Hoeganaes
Sponge Iron Corporation replied that their experience and
judgement enabled them to make the following statements:

(a) Most methods used for semi-micro quantif_tive analysis
are designed to give a maximum accuracy of 0.1 to 0.2
percent.

(b) In concentrations of four percentor greater, their error
has been found to be less than one percent for reported
values of Si, Ni, Fe, and Cr. For Mn concentrations of
between 0.1 to 1 percent, the error has been found to be

less than five percent. Boron seems to be reproducible
to within five percent or better.

(c) It is expected that the reported cobalt content is in error
by less than 1 percent and the Ni in these low concentra-
tions in Co-containing alloys to have an error as high as
10 percent.

(d) All the chemical analysis methods used followed either
ASTM outlines or similarly reliable references and are
the most accurate available.

Domtar Chemicals Ltd. replied that for the particular con-
centration level of each element analyzed for in atomized
powder Nos. 7, 9, 16 and 18, the reproducibility of the
analytical figure was as follows:

C
v. vv_ [Jt_rCt_HL

± O. 003 percent
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S
P
Ni
Co

Co

Fe
Ce
Be

O. 03 percent
+ O. 5 percent at the 95 to 100 percent
Co level

O. 2 percent at the 25 percent Co level
± O. 3 percent
+ 0.05 percent

O. 05 percent

* In the case where analytical figures have been reported
at 'less than" certain low definite values, the figures
quoted are the lowest (for the particular alloys con-
cerned) at wliich a definite indication of the element
concerned could be obtained.

At this time, all of the 18 prealloyed atomized powders appear
to have chemical analyses close enough to the intended com-
positions (with the exception of Domtar Lot No. HN-185 of
atomized powder Na 16), so that they should be used and
processed into extrusions for this project. The impurities
are sufficiently low that no detrimental effect on magnetic
or mechanical properties is expected. When the target

chemical composition specifications were written, they were
intended to serve as rigorous goals for achievement. Since
these powder compositions had not been atomized before, the
specifications were probably unrealistic in certain aspects.
Now that this work has been performed, it will be possible to
write better specifications. Also, the powder suppliers have

a better grasp of what they can offer now that melting losses,
including cerium losses, are known and can be adjusted for.

Chemical analyses will be verformed on selected compositions

by Westinghouse and compared with the values reported by
powder suppliers.

The powder particle size, particle shape, apparent density,
and other information concerning powder compact density,
which will be discussed later, are presented in Table I 1-17.

The Fisher-Sub-Sieve Sizer was employed to determine the
average particle diameters (APD) of the minus 325 mesh
fractions of the atomized powders (see ASTM Method B330-
58T). The particle size ranged from 10 to 26 microns.
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For microscopic examination of particle size, shape, and
microstructure, samples of the minus 325 mesh powders
were mounted in plastic, polished, and etched according to
st andard metallographic techniques. By this method, the

cross sections of numerous powder particles were presented
for viewing at 500X or lower magnifications. The powder
particle sizes seen under the microscope were in general
agreement with the Fisher Sub-Sieve Sizer measurements.
The shape of the powder particles for each alloy has been
qualitatively described in Table II-17 as tending towards
equiaxed, spherical, or irregular. The irregular shaped
particles were elongated in one or more directions, while
the equiaxed, had equal dimensions in three directions but
were not rounded enough to be called spherical. The shape
of selected powders may be seen at 1000X in Figures I 1-36
to II-43. Since all powders were atomized by essentially the
same process, which involved breaking up the stream of
molten metal by water jets and collecting the powder in a
tank filled with nitrogen, the shape of the powder particles
was mainly influenced by their chemical composition. Boron
additions in atomized powders Nos. 2 and 11 apparently made
the powder particles more spherical than those of the pure

cobalt and cobalt-iron alloys Nos. 1 and 10. The cobalt base
alloy No. 2, especially, had spherical particles. In fact, all
of the powders containing boron tended to have a more or less

rounded shape even though they may not have reached the
spherical state. Alloying additions of the strong oxide forming
elements Ti, Zr, Ce, A1 and Be tended to turn the particles
towards an irregular shape. The Co base powders tended to
be more spherical than the 27% Co-Fe.

The apparent density is the weight of powder that _!_ __

_r_n_rG vuiume under free-flowing conditions (without jarring)
and is expressed as grams per cubic centimeter (see ASTM
Method B212-48) in Table II-17. The apparent density has

also been expressed in Table II-17 as percent of the theoret-
ical density, which was assumed to be 8.85 grams per cubic
centimeter for the cobalt base alloys Nos. 1 to 9, and 7.95
grams per cubic centimeter for the 27% Co-Fe base alloys
Nos. 10 to 18. The theoretical or true densities for mate-

rials of these compositions will vary, of course, with alloy
content, but for purposes of rough comparison the densities
ca!_J!_d on this _iu in terms of percent of theoretical

are useful. An attempt to determine theoretical or true
density wiU be made at a later date.
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Microns 

FIGURE 11-36. Atomized Powder No. 1, Co, Showing Equiaxed Shape 
and Outline of Grain Boundaries, lOOOX, Etched in 

Acetic -Nitric -Hydrochloric -Water (1: 1:4: 1 Ratio) 
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10 1 0 
Microns 

FIGURE 11-37. Atomized Powder No. 2, Co+Z.O%B, Showing Spherical 
Shape and Fine Grain Structure, lOOOX, Etched in 
Acetic-Nitric-Hydrochloric-Water (1: 1:4: 1 Ratio) 



I -  
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10 1 0 
Microns 

FIGURE 11-38. Atomized Powder No. 4, C w l .  O%B+4.2%Zr, Showing 
Irregular Shape and Fine Grain Structure, lOOOX 
Etched in Acetic -Nitric -Hydrochloric -Water 

(1: 1: 4: 1 Ratio) 
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FIGURE 11-39. Atomized Powder No. 5, C w l .  0%3+4.2%Cb, Showing 
Tendency Towards Spherical Shape and Fine Grain 

Structure, lOOOX, Etched in Acetic -Nitric- 
Hydrochloric -Water (1: 1:4: 1 Ratio) 
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FIGURE 11-40. Atomized Powder No. 10, 27%Co+73%Fe, Showing 
Irregular Shape and Outline of Grain Boundaries, 
1000 X, Etched in Acetic -Nitric-Hydrochloric-Water 

(1: 1:4: 1 Ratio) 
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FIGURE 11-4 1. Atomized Powder No. 11, 26.5%Co+7 1.5%Fe+2.O%B, 
Showing Tendency Towards Spherical Shape and 

Fine Grain Structure, lOOOX, Etched in 
Acetic -Nitric-Hydrochloric -Water (1: 1:4: 1 Ratio) 
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FIGURE 11-42. Atomized Powder No. 12. 26.l%Co+70.7%Fe+l. O%B+2.2%Ti, 
Showing Irregular Shape and Fine Grain Structure, 1000 X, 
Etched in  Acetic -Nitric -Hydrochloric-Water (1: 1:4: 1 Ratio) 
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FIGURE 11-43. Atomized Powder No. 15, 24.5%Co+66.2%Fe+l. O%B+8.3%Ta, 
Showing Irregular to Spherical Shape and Fine Grain 
Structure, 1000 X, Etched in  Acetic -Nitric -Hydrochloric- 

Water (1: 1:4: 1 Ratio) 
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The minus 325 mesh particles which were substantially
spherical or equiaxed had the larger particle diameters
and gave the higher apparent densities because of their

better packing characteristics under free-flowing condi-
tions. This can be a valuable property because a greater
weight of powder can be poured into a container or die of
given volume prior to compaction. Therefore, a greater
weight of compact or product fabricated from the compact,
such as an extrusion, can be achieved from the same volume
of powder. Conversely, in order to produce a product of
given weight, a smaller container or die is required with
powders of higher apparent density. The latter case could
be important where it is desired to isostatically press rubber
bags or molds of large size filled with powder. There is
less chance of exceeding the size limitations of isostatic
presses currently available. Furthermore, it would tend
to minimize the need for resorting to tapping and vibration,
or the repeated, time consuming cycles of powder filling
and pressing which are required with powders of low apparent
density in order to load a substantial and useful weight of
powder into the container. Also, the layered structure in
compacts would be avoided which sometimes result from

incremental loading of containers by repeated cycles of
powder filling and pressing.

The microstructures of selected prealloyed atomized pow-
ders at 1000X magnification are presented in Figures I 1-36
to II-43. The addition of boron and other alloying elements

refined the grain structure of the cobalt (Figure I 1-36) and
27% Co-Fe (Figure II-40) powders. In fact the grain structure
is so fine in Figures II-37 to II-39 and II-41 to II-43 that it

can be resolved only with difficulty. The constituent particles

(2) Hydrogen Reduction Treatments for Powders

A flow diagram for the processing of prealloyed atomized
powders, including hydrogen reduction, is given in Figure II-44.
Hydrogen reduction treatments of six hours at 1220°F were

applied to 12 atomized powders (Nos. 1 to 6 and 10 to 15) for

the purpose of reducing oxides of cobalt and iron which might
be present. The oxidation of cobalt and iron was described in
the second quarterly report and it was pointed out that a dew
point of well above +65°F at 1220°F was sufficient for reduction

of CoO to Co, and FeO and Fe304 to Fe. The same report gave
a description of the Inconel 600 retort, the copper gasket inter-

posed between retort pan and lid with bolts at two inch intervals,
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Mixing of Entire Minus 325 Mesh Portion of Powder

Received from Supplier

I Weighing of Powder Charge I

[ Re-Screening of Powder Charge Through 325 Mesh /

I Hydr°gen Reducti°n °f P°wder Charge (2" 1-2" 3 lbs each)Jfor 6 Hours at 1220°F

[ Breaking Up Cake and Re-Screening Through 325 Mesh ]

1
[ Loading of Powder Charge into Rubber Bag I

I Isostatic Pressing for 1 Minute at 50,000 psi [

1
I Hydrogen Sintering of Powder Compact for 2 Hours at 1800°F I

l
I Manufacture of Mild Steel Can to Fit Compact I

1
[ Helium Leak Testing of Cleaned Steel Can J

1
r IBake-Out of Can and Compact for 2 Hours at 1220°F
[ hu 10--_Torn P__.-_e

|

i Electron Beam Welding of Lid on Can to Seal Compact Iunder Vacuum in 10 -5 Torr Range I
8

1 Hot Extrusion of Billet to Rod ]

FIGURE II-44. Flow Diagram for Processing of Prealloyed
Atomized _---_^-_Jr'U WU_;a o
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and furnace used for the hydrogen reduction treatments.
The furnace had previously been found to have a tempera-
ture distribution within +25°F.

Four powder charges could be hydrogen reduced at the same
time in the retort and furnace employed by spreading out
each powder to a depth of 1/4 inch in shallow, rectangular
trays (150 mm. long x 65 mm. wide x 19 mm. high) of
impervious, recrystallized 99% alumina (Coors AD99) A
1050 gram (2.31 pound) powder charge was used with the

cobalt base alloys Nos. 1 to 6 and a 950 gram (2.09 pound)
powder charge with the 27% Co-Fe base alloys Nos. 10 to 15.
These weights would yield about 120 cc (7.2 cubic inch) of 100

percent dense metal, after extrusion, allowing for the differ-
ence in density between cobalt and 27% Co-Fe but without

allowance for metal loss during handling, compacting, and
extrusion.

Six trays of powder charges were placed inside each of two
Alundum D-shaped muffles of 3 inch inside height x 6 inch
inside width x 20 inch length x 3/8 inch wall thickness (Norton
Co. No. 46230, Mixture RA-4139, fused 98.8% alumina, 36
percent apparent porosity). The muffles acted to channel the
hydrogen from the two inlet ports at the back of the retort over
the powder and also prevented loose material from falling into
the powder.

The hydrogen used for reduction and the argon used for pre-
purge and post-purge of the retort flowed from their respec-
tive cylinders through an attached Deoxo Hydrogen Catalytic
Purifier (Model 10-50) and thence through a Drierite Drying
Apparatus. The gas inlet line was 1/4 inch O.D. x 0.035 inch
..ffi_J_!Tn_con_! 6N0 h_hin_ running_ outside the retort to the back
where the gas entered through two inlet ports. The outlet line
on the front of the retort was 3/8 inch O.D. x 0.035 inch wall

tubing of the same material which ran to a Lectrodryer Dew
Point Indicator containing dry ice in acetone in the cup with

mirror finish. Copper tubing from the outlet of the dew point
cup carried the hydrogen to burn-off.

The hydrogen cylinder gas was purchased with a guaranteed

purity of 99.95 percent and contained less than 10 ppm 02,
less than 100 ppm N2 less than 40 ppm carbon bearing gases,
and less than 30 ppm mmsture. The argon was guaranteed
99. 996 percent pure with less than the following amounts of

impurities: 7 ppm 02, 15 ppm N2, 5 ppm carbon bearing
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gases, 1 ppm H2, and 15 ppm moisture. After passing
through the Deoxo Purifier and Drierite, the dew point of
the hydrogen was measured to be lower than -90°F. After

pre-purgiug the retort with argon, the hydrogen was turned
on and the temperature of the retort raised to 1220°F and
held for six hours. During the first four hours at 1220°F
the dew point steadily improved as moisture was removed.

During the last two hours at 1220°F, the dew point measured
at the outlet averaged -64°F for all reduction treatments.
The argon was turned on and the hydrogen off when the retort
had cooled to about 400°F. Upon further cooling to about
100°F, the dew point of the argon at the outlet averaged -83°F.
The gas flow rates were adjusted by means of cylinder flow
meters to give a minimum of five volume changes per hour
in the retort.

The hydrogen reduced powders were dumped from the alumina

trays into a high-speed food blender for purposes of breaking
up the soft cake which formed in some alloys. This operation
was performed dry. The powder was then screened through

325 mesh and loaded into rubber bags for isostatic pressing.

(3) Isostatic Pressing of Powders

The hydrogen reduced powders (dry and without binders) were
loaded into cylindrical 2.15 inch I.D. x 7-3/4 inch long rubber
bags having a 1/8 inch wall thickness. A 1/32 inch diameter

stainless steel wire was placed vertically along the inside wall

of the bag and then slowly withdrawn to allow air to escape as
the rubber end closure (with an aluminum sealing ring for
support on the inside) was pressed down against the top of the
powder charge. A metal band clamp with worm screw was

placed around the outside of the bag, and tightened against the

end closure on the inside, thus insuring timt the water-glycerine
mixture used as the working fluid in the isostatic press could
not leak into the powder. The press used for this work had a
7 inch I.D. x 24 inch long working chamber and was made by
National Forge Company.

Isostatic pressing was usually conducted at 50,000 psi and

that pressure held for one minute. The selection of 50,000
psi was made because it provided densities in the green com-
pacts which enabled them to be handled satisfactorily, and it
was also a pressure which _,ts readily avail_ble in large
isostatic presses which would be required if the process is
scaled up at a later date. However, i00,000 psi pressure
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was used in two cases in order to see what the effect would
be as indicated in Table II-17. The higher pressure increased
the compact density by eight percent. Compact densities were
calculated first in terms of grams per cubic centimeter from
measurements on the weights and sizes of the compacts,
which were approximately 2 inches in diameter by 3 inches
long. Then the density was converted to percent of theoretical
density for purposes of Comparison in Table II-17.

The alloying additions of boron and other elements to the 12
cobalt and 27% Co-Fe base powders processed to date caused

a significant decrease in the density of green compacts regard-
less of whether the powder particle shape was irregular or
spherical. Undoubtedly this is because the hardness and,

therefore, the resistance to compaction of the more highly
alloyed powder particles was greater.

(4) Sintering of Compacts

The same type of retort and other equipment, the purified and
dried hydrogen and argon gases, and general operating proce-
dure used for hydrogen reduction of powders were also
employed for the sintering of compacts in hydrogen. However,
the Alundum muffles were not used, but the compacts were
placed on the 99% alumina trays inside the retort. Sintering in
hydrogen was carried out on the 12 compacts made to date at
1800°F for two hours. This temperature was high enough to
produce compacts which were sufficiently strong and could be

machined dry easily for fitting inside low carbon steel cans
prior to extrusion. The 1800°F temperature was believed to

be low enough to avoid agglomeration of the dispersed constituent
resulting from diffusion of the elements present in most of the

compnsitions under study. Also, it was below the anticipated
extrusion temperature, 2000°F, but above ii_u _-.vv"nnn to .t_nno_....

service temperature range for these products. A study of the
microstructures of the sintered compacts will be conducted to
determine which compositions are the most stable in regard to
agglomeration of dispersed constituent particles. Some com-
positions may be screened out on this basis.

The sintered compact densities obtained are listed in Table
II-17. Little, if any, densification occurred as a result of
sintering at 1800°F. Additional sintering treatments were
applied to the 27% Co-Fe compact of povcdcr No. 10 in order
to determine if there was any effect on compact density. In
the case of pure iron bodies in con .tact with each oLher
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(diffusion couples), it has been pointed out that the volume
diffusion rate is a maximum at 1670°F when alpha is trans-
formed to gamma iron. On heating above this temperature
into the gamma region, the diffusion rate is lowered to about
1/400th of the previous value and does not reach the same
value again until about 2200°F (ref. 10). In experiments,
iron powder compacts sintered in dissociated ammonia for
30 minutes showed increased densification up to the alpha-
gamma transformation temperature. Above this temperature
the density was lowered, going to a minimum at 130 to 230°F
above the transformation temperature and again increasing at
higher sintering temperatures (ref. 10). However, it was con-
cluded that the variation of volume diffusion rates with temper-
ature did not provide a full explanation of the dimensional dif-
ferences from sintering for the four iron powders tried. It
was decided to sinter again the 27% Co-Fe compact in hydrogen

at 1725°F, slightly below its alpha to gamma transformation
temperature of approximately 1771°F (966°C) reported in
Hansen (ref. 11). No change in density occurred upon re-
sintering, as indicated in Table II-17. Furthermore, the
compact density did not change upon sintering a third time
for two hours at 1800°F in a vacuum of 1 to 2 x 10 -5 torr. It

was concluded that substantial increases in compact density
could be achieved only by going to sintering temperatures well
above 2000°F, and this would be unfavorable because it would
tend to accelerate coarsening of the dispersed phase particles.

b. COMPOSITE POWDERS

The weights of the seven composite powders produced by three sup-
pliers that were ordered for this program are listed in Table I I-18.
_h-- ,,,,m,,_Qit__..... Annwders contain both a metal phase and a refractory
oxide phase within each powder particle. The nominal oxide content
of all powders is 10 percent by volume. Information on chemical
analyses submitted by Sherritt Gorden and Vitro Labs for their
powders are given in Table I I-19. It should be pointed out that the
Westinghouse Specifications for Composite Powders which accom-

panied the purchase orders stated that the purity of the cobalt,
iron, and thoria shall be 99.5 percent or greater, and that the
vendor shall report the major impurities anticipated in the composite
powder. The target limits for the various elements in Table I I-19

were what the supplier worked toward in his processing and should
be considered goals rather than rigid limits for acceptance or re-
jection. The materials will be analyzed by Westinghouse at a later
date.
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Thorium oxide powder was supplied by Westinghouse to Sherritt
Gordon for making their composite powder No. 3. The thorium
oxide was purchased through the Dow Chemical Co., Midland,
Michigan, from Thorium Limited, London, England. The particle
size was designated 100-300 angstrom by Thorium Limited and
they reported its analysis to be as follows:

Thorium Oxide, ThO 2
Loss on Ignition 1832°F (1000°C)
Cerium Oxide, CeO 2
Rare Earth Oxides

Sodium Oxide, Na20
Calcium Oxide, CaO
Silica, SiO 2

Note: (a) Moisture

89.5 percent
10.5 percent (a)

8 ppm
14 ppm
10 ppm
80 ppm

_50 ppm

The moisture content of the thorium oxide was allowed for by
Sherritt Gordon when the Co+ThO2 powder was prepared.

Sherritt Gordon reported the average particle diameter of their
composite powder No. 3, after treatment for two hours at 1800°F
in hydrogen, to be 2. 6 microns as determined with the Fisher Sub-
Sieve Sizer. This value was in agreement with 2.6 microns deter-
mined by Westinghouse. Since the Vitro Labs powder (No. 11)was
reported to be submicron (estimated 0. 5 micron) and pyrophoric,
determination of the particle size by Westinghouse was postponed
until its sealed container is opened under a protective atmosphere
and processing of the powder begins. The composite powders
Nos. 1 and 2 from Charles Pfizer had average particle diameters
of 2.6 and 3. 9 microns, respectively.

Photomicrographs of two Composite Powder sr_'np!e_ too:luted in
plastic and polished to reveal cross sections are presented in Fig-
ures II-45 and II-46. The composite powder from Sherritt Gordon

had an irregular particle shape and, judging from the fine black
specks in the cobalt matrix, the thoria particles were well dispersed.
The composite powders from Charles Pfizer contained numerous

pores or holes which appeared as relatively large dark areas
within each powder particle. The alumina particles were dispersed

about in the cobalt matrix and were not nearly as prominent. Etch-

ing was used to reveal the grain structure within the Pfizer powder
particles.
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10 1 0 
Microns 

FIGURE 11-45. Composite Powder No. 3, Co+lOv/oThOa (0.01-0.06 
micron thoria), from Sherritt Gordon, Showing Irregular 

Particle Shape and Dispersion of Thoria Particles i n  
Cobalt Matrix, 1000 X, Unetched 
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FIGURE 11-46. Composite Pow3er No. 2, Co+lOv/oA1203 (0.1-0.6 
micron alumina), from Chas.  Pfizer, Showing 
Numerous Pores  in Particles of Equiaxed to 
Irregular Shape and Outline of Grain Boundaries, 
1000 X, Etched in Acetic -Nitric -Hydrochloric - 

Water (1: 1:4: 1 Ratio) 



Co SUPPLIER EXTRUSIONS OF DISPERSION-STRENGTHENED
COBALT

The Co*10v/o ThO 2 (0.01 to 0.06 micron thoria) Supplier Extrusion
No. 3 was received from the New England Materials Laboratory in
the form of 3/8 inch diameter by 84 inch long hot extruded rod.

Evaluation will be made next quarter. The two rods containing
2v/o thoria (0. 01 to 0.06 micron thoria) dispersed in a cobalt
matrix which are being obtained for testing in both the hot ex-
truded and 85 percent cold reduced conditions are scheduled for
delivery on October 15, 1965, by Curtiss Wright Corporation,
Metals Processing Division.

3. Program for the Next Quarter

a) Examination of selected samples of hydrogen reduced powders
and sintered compacts will be conducted for comparison with
the "as received" state in order to see what effect thermal

treatment has on the microstructure and size of dispersed
constituent particles. It may be possible to screen out some
compositions on the basis of instability and agglomeration
of the dispersed phase.

b) Sintered compacts of prealloyed atomized powders made to
date will be extruded to rod and extrusion procedure devel-
oped and evaluated.

c) Internal oxidation treatments will be applied to four cobalt
base and cobalt-iron base atomized powders containing
aluminum and beryllium.

d) The remaining atomized and composi_v powders ...-11w_ _..

hydrogen reduced, sintered, and examined microscopically
before processing into extrusions.

e) Tensile and magnetic testing will be initiated on Westinghouse
and Supplier extrusions.
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TASK 4 - CREEP TESTING

1. Summary of Technical Progress

a) The first Nivco vacuum creep specimen on test at 65,000 psi

ruptured unexpectedly at 525 hours and 0.46 percent creep
strain. Large-grain size was determined as the only apparent
reason for failure and new procurement procedures have been
initiated.

b) A second specimen, on test at 50, 000 psi, had to be removed
from test after 690 hours when a galvanometer suspension

spring broke during a power-on condition and caused a 210°F
temperature excursion. This was the first failure of a
galvanometer spring in over 20 years of creep testing.

c) New creep specimens have been prepared, coercive force
measurements made, and the first sample placed on test at
50,000 psi and ll00°F. System pressure at the time of load-
ing was 9 x 10-7 torr and decreasing.

d) 1000 ° and ll00°F tensile tests in air were made on the new

lot of material to insure material quality. A stress rupture
test on a combination smooth, notch bar specimen is planned
as an additional control.

2. Discussion

The first 0. 357 inch diameter specimen from heat AC2 32 ruptured un-
expectedly at 0.46 percent creep strain. The sample had been under
test for 525 hours at 50, 000 psi and pressure below 3.0 x 10 -8 torr.
Since the shock of rupture shattered the ionization gage admitting air
to the system, a new gage was inserted and the c__2su!o repumped to
3.0 x 10-8 torr as a check of system integrity. The ionization gage
mounting has been modified to withstand the physical shock of rupture
should another unexpected failure occur. Should the gage now fail, it
will have been isolated from the capsule by a vacuum valve which is
only used until the operating pressure falls below 10 -5 torr. Ion pump
current is used as a measure of pressure below 10 -5 torr. A photo-

graph of the arrangement is shown in Figure I I-47.

Figures I I-48 and I I-49 show the ruptured vacuum creep sample before
and aRer creep test and Figure II_50 shows _ sample which was tested
at ll00°F in air on NAS3-4162. The difference in grain size between

the first sample tested under this pr_ram (A_TM3 -Approx. 51 grains)
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FIGURE 11-47. Vacuum Creep Test Set Up for MVCO Showing the 
Vac Ion Pump and Ionization Gage 
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Etchant: 20ml HC1, 40ml "03, 60 ml glycerin (both micros) 

3:: 
Microns 

FIGURE 11-48. Untested NIVCO Heat AC232 Showing Large Grain Size and 
Zirconium Rich Inclusions at 200 and 500X 
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Test Conditions: 

2-3 x 10-8 torr 
525 hours 
1100°F 
65,000 psi 

1; 
Microns 

Etchant: 20ml HC1, 40ml "03, 60 ml glycerin (both micros) 

FIGURE 11-49. Failed NIVCO Sample from Heat AC232 Showing Large Grain 
Size Intergranular Fissures and the S t a r t  of Normal Cellular 

Precipitate at 200 and 500X 
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Microns

20I0

_u

Microns

Etchant: 20ml HCl, 40ml HNO3, 60 ml glycerin (both micros)

FIGURE I I-50. Unfailed NIVCO Sample from NAS3-4162 Tested at 718 Hours

at 1 _nno,_,at 78, nnn i,-'- "^*^ _-^_vv .,.. vvv psi Air. _.,,v_._ _.,_ Fine Gr-_ Size.

Samples Shown at 200 and 500X
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and that tested under NAS3-4162 (ASTM7- Approx. 440 grains) is quite
apparent. It is believed that the difference in grain size was respon-
sible for the rupture of the first vacuum creep sample. Figure I I-49
also shows the start of the cellular grain boundary precipitate forma-

tion normally found in Nivco after long-time aging. The presence of
this precipitate is normal and in no way affects rupture ductility.
Turbine blades made from this alloy may contain more than 20 percent
of the cellular precipitate.

Metallographic examination of the vacuum creep failure and the un-

failed ll00°F creep specimen from NAS3-4162 show only a difference
in grain size and a slight variation in the distribution of the zirconium-

rich phase common to Nivco alloy. These observations, when viewed
in light of current production practice suggest that the failure was the
result of the large-grain size and that the distribution of the zirconium-
rich phase was a symptom of two little hot-work rather than a basic

cause of failure. The large-grain size of the sample also accounts for
its somewhat lower hardness and higher creep rate. Fractographically,
the surface is typical of the ductile mode of failure; e.g., the appear-
ance of the surface was dimpled and the fracture path was intergranular.
Metallographically, the grain boundaries of the failed sample appeared
normal.

Testing will resume on samples cut from a new lot of Nivco alloy made
by current Nivco manufacturing techniques. This lot of material has a

uniformly fine-grain size of ASTM7 and random distribution of the zir-
conium phase. Aging of the samples will be carried out to 50 hours in-

stead of 25 hours at 1225°F to insure reaching peak hardness on the
samples. It is likely the failed sample was slightly below peak hardness
when placed on test since the hardness increased during testing from 332
to 391 VHN.

Termination of the first vacuum creep test because of rupture was
completely unexpected ( _ 0. 5 percent rupture ductility) since two
satisfactory short-time air stress-rupture tests had been done on the
same heat of material at l150°F. Ductility at rupture was in excess of
12 percent for both air tests. The stress used on the two short-time

tests was 65,000 psi. These data were typical of production material
being made at that time. The basic chemistry of this heat was similar
to that of the heat used on NAS3-4162. Elongation measurements made

after rupture verified the 0. 4 percent creep strain measured by
extensometer over the whole gage length.

The decision to change heats of alloy was based on the grain-size dif-
ferences. However, a second specimen from the large grained heat
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TABLE II-20. Creep Data for Specimens

Specimen

Temperature (°F)

Stress (psi)

Duration of Test (hours)

Total Creep Strain (percent)

Time to Cause 0.2 Percent Creep
Strain (hours)

Time to Cause 0.4 Percent Creep
Strain (hours)

Plastic Strain Obtained on Loading
Specimen (percent)

Test Atmosphere

Ultimate Pressure

See Strain-Time Plot in Figure I I-

Nos. 1 and 2 from Heat No. AC232

1

1100

65,000

525

O. 463

130

426

0

Vacuum

2- 3 x 10- 8 torr

40

2

1100

50, 000

690

O. 094

(a)

(a)

0

Vacuum

1-2 x 10 -8 torr

40

Note: (a) Did not reach before overheat occurred.

i

AC232 was on test at ll00°F and 50, 000 psi. This sample had accumu-
lated over 400 hours of test time when the first specimen failed. Since

specimens from the new lot were not available, the test on this sample
was continued. At 690 hours, the galvanometer spring on the temper-
ature controller broke resulting in a 210°F temperature excursion last-

ing seven hours. During the time the specimen was over the set temper-
ature, creep amounted to 0.23 percent effectively terminating the test.
Creep data from the first two tests are shown in Figure II-51 and Table
.... __o

• _--_ _,_ k_-rll-zu. The possibility of future temperature exc-_ _iv,,o _,_ _j a
galvanometer spring failure, however remote, will be offset by the
placement of auxiliary controllers in series wihh the primary controllers.
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The temperature excursion experienced had simply not been anticipated
because of a 20 year long history of failure-free performance. Design
of the creep machine furnaces is such that only a small portion of fur-
nace power is controlled by the furnace controller. However, failure

of the spring in the power-on condition ultimately caused the 210°F
overshoot.

Room temperature coercive force measurements on Nivco heat AC232
before and after creep test are shown in Table II-21. These data show
a slight increase in coercive force in those areas of the sample which
were lightly stressed and a larger increase in the area of maximum
stress. The observed increases in coercive force (Hc) are the result
of strain field formation promoted by continued precipitation and by
creep causing an increase in the resistance to domain wall movement.

This increase in HC will also appear as an increase in the hysteresis
for the material.

For reference, the 1000°C and ll00°F tensile properties of the new
Nivco heat (10NO2V-1099) are shown in Table II-22. These data are

comparable to elevated temperature tensile data obtained on recent
typical heats of the alloy.

The composition of heat 10NO2V-1099 listed below in weight percent
is typical of current double vacuum arc melted production Nivco.

Ni Fe Co C S P Si Mn Ti A1 Zr

23. 37 0.27 Bal 0.007 0.001 0.001 0.25 0.30 1.70 0.43 0.21

. Program for the Next Quarter

•-....... -- ^, h_+ InMNgV_IN.O.q will continue.- 4. 4- s_

b) Room temperature coercive force measurements and a pre-
test chemistry check will be made on heat 10NO2V-1099 for

key elements including oxygen.
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TABLE II-21. Room Temperature Coercive Force of Nivco Creep Specimen
No. 1 Before and ARer High Vacuum Creep Test (Heat

AC232)

Room Temperature
Coercive Force

(oersteds)

Heat AC232

Specimen No. 1

Before Test
(Threaded ends)

After Test

(Threaded ends)

10.7

After Test

(Gage length)

13. 7

Test Conditions: Pressure 2-3 x 10 -8 torr, ll00°F, 65,000 psi, 525 hours

TABLE II-22. Tensile Test Data for Nivco Heat 10NO2V-1099

Specimen

Temperature (°F)

0.02 Percent Offset Yield

Strength (psi)

0.2 Percent Offset Yield

Strength (psi)

Ultimate Strength (psi)

Elongation in 1.4 inch
(percent)

Reduction in Area
(percent)

1

1000

82,450

90,900

123,000

1100

77, 400

89,400

115,900

29.9

60.2

34. 0

67.3

Test Ambient: Air

(Reference NAS3-6465)
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SECTION III

PROGRAM I I - HIGH TEMPERATURE
CAPACITOR FEASIBILITY

This program will study the feasibility of building a lightweight capacitor suit-
able for operation up to ll00°F. It will utilize high-purity dielectric mate-
rials and specialized fabrication methods. The ultimate application is in
lightweight, high-temperature, power conditioning-equipment suitable for
space application.

A. SUMMARY OF TECHNICAL PROGRESS

1) The dissipation factor and capacitance versus temperature in vacuum
for pyrolytic boron nitride capacitor No. 2 has been remeasured
(Run No. 2). Data from room temperature to ll00°F show a capac-
itance change of about 1.5 percent with a dissipation factor (Tan 5 )
of 0. 00087 measured at 1100°F (10 kc/sec). The original goals
established at the beginning of this program were:

a) Capacitance Change (R. T. to ll00°F) - + 5% (Max.)

b) Dissipation Factor (@ ll00°F, 1 kc/sec) - 0. 002 - 0.01 (Max.)

2) A microscopic study of boron nitride capacitor No. 2 was made
after anomolus electrical data was obtained. A circular crack

coincident with an abnormally large growth nodule within the

dielectric was observed. Photomicrographs were made which
show that pyrolytic boron nitride (Borallc,y) b_s __cbsr_cteristic

nodular microstructure. The abrupt discontinuities in the layered
structure caused by large nodular growths can become relief

polished resulting in a stepped wafer surface. R should be possible

to minimize this effect by using careful lapping and polishing

techniques with low nap polishing surfaces.

3) The supplier of Boralloy has indicated that 1/2 to 1-mil-thick strips
of pin-hole free material can be supplied. A small quantity has
been ordered for evaluation. The material is being considered for
possible fabrication of a rolled-capacitor configuration because of
its high degree of flexibility.
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4)

S)

6)

7)

8)

9)

A yield of 15 wafers of pyrolytic boron nitride has been obtained
from a 1/4-inch-thick block (1-inch square). A combined multiple

slicing-cleavage technique was used and shows promise of achieving
higher yields. A multiple slicing method was tried with Lucalox
(alumina) rod stock but was terminated because of extremely slow
curing rates (about 0. 060 inch per hour).

Three hot-pressed Linde A (A1203) wafers ( ~ 4 mils thick) and two
sapphire wafers ( - 1 inch diameter by 4 mils thick) were polished
with surfaces substantially free from grain pull outs or pits. The
same polishing methods were tried with Lucalox wafers but satis-
factory results could not be achieved because of the large grain
size of the Lucalox.

Polishing of beryllia wafers has been postponed until the prepar-
ation of various alumina and boron nitride wafers was completed
and the equipment could be used exclusively for beryllia. The
Syntron lapping and polishing machine has now been located in a
hooded enclosure and preparations are being made to polish and

electrode the hot-pressed beryllia wafers from Atomics Inter-
national.

One polished sapphire wafer and three hot-pressed Linde A
wafers were coated with sputtered platinum-20% rhodium alloy
electrodes. Dissipation factor (Tan 5 ) and capacitance change
versus temperature (to 1100°F) were measured in vacuum. A
comparison of capacitance change and dissipation factor at 1100°F
shows that pyrolytic boron nitride (Boralloy) has significantly

better electrical properties than either sapphire or hot-pressed
Linde A (A1203).

Several variables in the sputtering process have been evaluated
including substrate pre-heating, longer glow-discharge cleaning
and measurement n_ the s,,_b_tr_etemperature during glow dis-
charge and sputtering. A stainless-steel dry box with a re-

circulating drying train has been put into operation for storage
of parts and fixtures when not in use in the vacumn and sputtering
chamber.

A method of stacking single wafer capacitors with sputtered thin
film electrodes has been devised. Electrodes on each wafer will

automatically interconnect in a parallel arrangement to achieve

a higher total capacitance. The necessary uRrasonic cutting
tools have been designed.
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B. DISCUSSION

1. Pyrolytic Boron Nitride

a. WAFERING PROCESSES AND LARGE AREA THIN SHEETS

Thin wafers (1 mil thick) of pyrolytic boron nitride have been
successfully prepared by slicing completely through thick-blocks
of stock material using a thin, diamond-coated wheel followed
by lipping and polishing. The methods used to process these
wafers into thin capacitor disks have been described in the two
previous quarterly reports. In addition, two different approaches
for obtaining thin sheet material have been investigated during
this report period both of which appear feasible at the present time.

Figure III-1 shows a photograph of a one-inch square block of
pyrolytic boron nitride which has been partially sliced with a
series of multiple silts on one edge. Individual wafers can be

easily cleaved from this block by positioning a single edged razor
blade in one of the slits and applying a light uniform pressure.
Using this technique, a yield of about 15 wafers per 1/4 inch thick
block can be obtained compared to a yield of about 9 wafers by
completely slicing thru the block with a 0. 016 inch thick diamond
wheel

The slits or grooves in the edge of the block were made by a multi-
blade technique using a recently developed wafering and dicing
machine manufactured by Norton Company. It appears that this
technique would work satisfactorily for larger area blocks and
result in a considerable reduction in kerr loss.

To achieve a large dielectric area and thereby obtain capacitance
values in the larger ranges, multi-liyered capacitors can be
-auxx_tteu uy sLaekhlg individual capacitor wa/ers that are eiectri-
eally interconnected in parallel. Glass and mica capacitors are

usually constructed in this manner. A liter section of this report

deals with this design concept in more detail. In addition, another
basic capacitor construction technique of rolling the dielectric which

is used to make paper and plastic film capacitors, is being con-
sidered for boron nitride high temperature capacitors.

Previous work on this program has demonstrated that pyrolytic
boron nitride with a thickness of about 1 rail has a high degree
Cff fl_-r;hJl;f_ l"f n,rrv.nl,rd-;n hn_-r,.-, .;_'_-;.4_ nnn h_ ,-.k4-,-,;.,..-,..1 .....

supported long strips, 1 mil thick and free of pin holes and other
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defects, it appears that a rolled capacitor construction method
would be feasible. The manufacturers of this material (High

Temperature Materials, Inc. ) are evaluating their present capa-
bility to supply 1/2 to 1 mil thick strips pin-hole free.

b. ELECTRICAL MEASUREMENTS

The results of the first electrical measurements on boron nitride

capacitor No. 2 made in vacuum at temperatures up to ll00°F
were reported in the second quarterly report. At that time it was
noted that the thermocouple was not functioning properly and it
was necessary to make an estimate of the maximum test temper-
ature ( --, ll00°F).

To substantiate those measurements a second run was made with

an operating thermocouple. Figure III-2 shows the data plotted
in graphic form for the changes in capacitance and dissipation
factor (Tan 5 ) as a function of increasing temperature. R is
apparent that the dissipation factor remains essentially unchanged
from its room temperature value up to about 600°F and then grad-
ually increases up to 800°F. From 800°F to ll00°F the dissipation
factor increases at a faster rate. The capacitance value decreases
uniformly with increasing temperature up to about 750°F. Above
this temperature the capacitance increases slightly and then begins
to decrease agai_

It was believed that these deviations from linearity were not char-
acteristic of the dielectric material. Therefore, the capacitor
wafer was carefully examined under a microscope. The observa-
tions made are discussed in the next section of this report.

Figure I I I-3 shows the capacitance and dissipation factor change
with temperature of the sarape capac_-tor waf_.r after it had been
examined and the defective area removed (about 40 percent of the
effective dielectric area) with an air-abrader (S. S. White Industrial
Airbrasive Unit, Model F). It is apparent that the dissipation fac-
tor measured at elevated temperatures was not improved by the
process. The increased losses are probably due to mechanical
damage and possible contamination of the margin area. Neverthe-
less, these losses are still lower than any of the high-temperature
dielectric materials measured to date on this program.

Table i i i-i shows capacit.a._uce _nd dissipation factor measurements
made as a function of frequency (50 cps to 10 kc/sec) for boron

nitride capacitor No. 2. These measurements were made prior to
test run No. 2 (Figure III-2).
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TABLE III-1.

Frequency

50 cps

60 cps

100 cps

120 cps

200 cps

500 cps

1 kc/sec

5 kc/sec

10 kc/sec

Boron Nitride Capacitor No. 2 - Capacitance and
Dissipation Factor Versus Frequency (a)

at Room Temperature

Capacitance -
pF (Picofarads)

263. 720

263. 791

263. 684

263. 701

263. 701

263. 647

263. 609

263. 513

263. 628

Dissipation Factor
(Tan _ )

0.000130

0.000582

0.000267

0.000320

0.000443

0.000412

0.000440

0.000450

O. 000440

(a) All measurements made on a General Radio Type
1670-A Capacitance Measuring Assembly -no cor-
rections made for capacitance of jig (- lp r')

C_ b_CR_COPIC _ _,.SbT_,E ivL_NT S

As discussed previously it was believed the test data obtained on
boron nitride capacitor No. 2 was somewhat anamalous. A micro-
scopic examination of this capacitor was made at several magnifi-

cations. The photomicrograph made with a combination of reflected
and transmitted light shown in Figure III-4 offers a possible ex-
planation for these anomolies (each significant area in the photo-
graph is identified in Figure I I I- 4).

A small circul___r crack can be seen iiear the edge of the capacitor
wafer (electrode margin area). This crack is coincident with a
nodular growth pa_ern that _-as found to be characteristic of the
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FIGURE 111-4. Photomicrograph of the Surface of Pyrolytic Boron 
Nitride Capacitor No. 2 Using a Combination 
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microstructure of pyrolytic boron nitride. This particular nodule
is approximately 0. 055 inch in diameter. Further examination of
this area at higher magnification (200X) showed that the crack
extends completely through the dielectric and might be considered
analogous to a knot hole in a piece of wood. It was not possible to
determine if this crack existed at the time the electrodes were

applied or if it occurred during subsequent handling. It appears,
however, that this crack could account for the erratic changes in
capacitance and dissipation factor observed at elevated temper-
atures (Figure III-2).

These results prompted a further study of the microstructure of
pyrolytic boron nitride. Several unelectroded 1- mil- thick wafers

of pyrolytic boron nitride were examined with transmitted light.
These photomicrographs are shown in Figure III-5. A regular
nodular pattern can be seen with an average nodule diameter of
about 0. 015 inch. An occasional isolated, larger diameter nodule
was found with diameters ranging from 0. 050 to 0. 060 inch. It
was apparently one of these larger nodules that caused the defect
observed in boron nitride capacitor No. 2.

It is believed that these larger nodules will not be a problem with

future boron nitride capacitors provided they do not become relief
polished. Relief polishing can be minimized or eliminated by using
a low-nap polishing cloth. In addition, the nodule diameter in-
creases at greater distances from the deposition substrate. This
effect has been observed by L F. Coffin, Jr. (ref. 1) in pyrolytic
graphite. Large nodules in pyrolytic graphite are reported to
originate from nucleation centers around foreign particles or
surface irregularities on the deposition substrate. These nodules
grow outward from the substrate in a conical shape.

2. Polycrystalline Alumina (Al303), Sapphire and l_eryiiium G-_dc

a. PREPARATION OF CAPACITOR WAFERS

A Syntron Lapping and Polishing Machine (Type LP010) was used
to generate very satisfactory surface polishes on sapphire wafers
and hot-pressed Linde A (Al203) wafers. Two sapphire wafers
about one inch in diameter and from 3 to 4 mils thick were polished
on both sides and three hot-pressed Linde A wafers were similarly
prepared. The polishing sequence was as follows:
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FIGURE 111-5. Typical Microstructure (with Transmitted Light) of Thin 
( - 0,001 Inch) Pyrolytic Boron Nitride Polished 

Wafers at Two Different Magnifications 
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1) Rough polish on a nylon lap surface impregnated with

nine micron diamond and sparingly lubricated with

Dymo fluid. Vibration amplitude was set in the range

from 0. 020 to 0. 040 inch by adjusting the power control

rheostat. The vibration amplitude varies with the num-

ber of holders placed in the bowl and is set at a level
below that which causes the holders to vibrate. The

holders weigh about one pound and the wafers were wax

mounted on the bottom of the holders using the methods

described in previous quarterly reports.

The time required to complete the rough polishing phase

depends on the area of the sample, its initial flatness,

and the degree of surface roughness. About 100 hours

on the machine were necessary to produce a uniform

polish over the entire surface of the sapphire wafers

and about 40 hours was required for the hot-pressed
material.

2) Final polishing was done on a nylon lap surface with

three and then one micron diamond particles. These

operations required about 10 hours for each wafer.

It should be noted that the machine time was essentially

unattended except for an occasional inspection and appli-

cation of additional lapping fluid.

A similar procedure was used in an attempt to obtain pit-free and

highly polished Lucalox wafers. Satisfactory results could not be

obtained with this material. The only polycrystalline material

that could be polished to a mirror-like finish and remain essen-

tially free of grain pull-outs and pits is the hot-pressed Linde A

material. This is apparently due to significant differences in
microstructure.

The estimated grain size of the Lucalox used is approximately in

the range from 30 to 40 microns with occasional grains as large

as 70 microns. Each of the crystallites are equiaxed. Hot-pressed

Linde A, however_ has a distinctly different microstructure. The

grains are long and slender (needlelike) with their length direction

normal to the direction of hot pressing (parallel to the wafer sur-

faces). Grain width is about 10 to 12 microns with length to width

ratios of about 2.5 to 4. 0. A grain pull-out, therefore, results in
a much shallower surface a-,-_,,--_inn
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A special work area has been established for polishing the hot-
pressed beryllium oxide wafers received from Atomics Inter-
national. These wafers are about 0. 470 inch in diameter and
have been ground to about five mils in thickness. The mean
grain size of this material is reported (a) to be 12 microns with

a maximum in the range of 40 microns. It is planned to polish

both surfaces of these wafers using the Syntron machine with

progressively smaller diamond abrasives, (9, 3 and 1 micron)

on a nylon lap surface.

b. E LECTRICAL MEASUREMENTS

The dissipation factor and capacitance change was measured for

sapphire capacitor No. 1. This capacitor has sputtered platinum-

20_ rhodium alloy electrodes 0. 377 inch diameter. The dielectric

thickness averages about 3. 0 mils.

Figure I I I-6 presents the data obtained for two frequencies (1 kc/sec

and 10 kc/sec) in vacuum at _- 1 x 10-7 torr. The capacitance in-

creased linearly over the temperature range (room temperature

to ll00°F) with a total increase of about 6.8 percent at ll00°F.

The dissipation factor at temperature is given in Figure III-7 for

sapphire capacitor No. 1 and pyrolytic boron nitride capacitor

No. 2 (Run No. 2). It is apparent that the pyrolytic boron nitride

capacitor has significantly lower losses over the temperature

range from 300°F to ll00°F. The sapphire wafer used to form

the capacitor for the above tests has an overall diameter of about

one inch. It was originally planned to sputter electrodes on this

wafer 0. 750 inch diameter, however, when the wafer was clamped

between glass masks, a crack became visible across about 1/3 of

the wafer. It was necessary to remount the disk using masks with

a 0. 377 inch opening to avoid placing electrodes over the cracked

portion of _he sappbAre: It is planned to electrode another sapphire

disk with larger (0. 750 inch) diameter eiec_rodes.

Three hot-pressed Linde A wafers (0. 416 inch diameter) were

sputtered with platinum-20% rhodium alloy electrodes. The capac-

itance and dissipation factor of these capacitors was measured

immediately after applying electrodes. Abnormally high values of

dissipation factor were noted for capacitor No. 1 and No. 2. It

was found that by heating these electroded wafers in air to temper-

atures of 850°C to ll00°C a substantial improvement in the room

(a)Personal Communication from R. L. McKi_son, .A..+emics International,
March 10, 1965.
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temperature losses could be obtained. Previous history and the
electrical properties of these units before and after heat treatment
is shown in Table III-2. Capacitors Nos. 2 and 3 were processed
using the same methods and masking material. The essential
differences in the methods used to sputter electrodes on capacitor
No. 1 versus No. 2 and 3 are as follows:

1) Glass masks (microscope slides) were used for capac-
itor No. 1 and pyrolytic boron nitride masks were used

for capacitors Nos. 2 and 3.

2) Capacitor No. 1 received no bake-out treatment whereas
capacitors Nos. 2 and 3 where preheated to 250°C for 20
minutes at 3 x 10-7 torr prior to backfilling the sputter-
ing chamber with argon.

3) Glow discharge cleaning was maintained for 50 minutes
for capacitors Nos. 2 and 3 versus only 25 minutes for
capacitor No. 1.

It had been expected that the treatment received by capacitors
No. 2 and 3 prior to sputtering would result in better electrode

adherence, cleaner margin areas and improved electrical proper-
ties. Dissipation factor measurements made before heat treatment

indicate that some improvement was obtained (compare capacitor
No. 1 with Nos. 2 and 3 of Table III-2). However, the heat treat-
ing process performed after the electrodes were applied resulted
in the greatest reduction in dissipation factor for all three capaci-
tors.

Figure III-8 shows the capacitance and dissipation factor for hot-
pressed alumina (capacitor No. 2). The dielectric losses increase

rauidlv at temperatures over 300°F. These observations were not

unexpected because the wafers contained a few dark spots which

resulted from contaminants that diffused into the wafers during
hot-pressing and no attempt has been made, as yet, to refine the
hot-pressing techniques to eliminate these impurities.

3. Sputtering Process

The second quarterly report contains a detailed description of the
sputtering process used to electrode wafers with platinum and
platinum-rhodium alloys. The basic sputtering process has remained

essentially unchanged except for several variations in technique which
have been discussed (substrate pre-heating, longer glow discharge
cleaning and the use of pyrolytic boron nitride as a masking material).
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The temperature of the substrate has been measured during the glow
discharge phase and during sputtering. This was done by placing a
chromel-alumel thermocouple (0. 005 inch diameter wire) between a
backing plate of alumina and a sapphire substrate covered with a boron
nitride mask. The thermocouple junction was in physical contact with

the substrate and backing plate (1 x 2 x 0. 060 inch) during the measure-
ments. The thermocouple temperature recorded during the glow dis-
charge cleaning phase varied between 150 and 158°C. When the sputter-
ing process was started (application of target voltage) the thermo-
couple temperature reached 200°C. During these measurements, the
distance from the target to substrate was approximately one inch and
900 volts was applied to the target.

A stainless-steel dry box (Kewaunee Sci. Equip., Cat. No. 2C401-28R)

with a recirculating drying train has been established. This chamber
is presently used to store sputtering fixtures, the vacuum furnace and

other miscellaneous parts when these items are not being used in the
vacuum chamber. A dry (-55°F dew point) argon atmosphere is main-
tained in the box and items are added or removed through an interlock.

4. Multilayer Capacitors

PracticaLly all fixed capacitors manufactured commercially (other
than electrolytic types) are constructed by one of two general methods,
stacking or rolling. The method of manufacture is governed primarily
by the form and mechanical properties of the particular dielectric

material used. For example, mica, glass, vitreous enamel and
ceramic dielectrics are built into high-capacitance units by stacking
alternate layers or sheets between metal foil or by applying a metaLliz-

ing paint or coating directly to each layer. Paper and plastic film
dielectrics such as Kraft paper, Mylar or Teflon by virtue of their
form and flexibility can be built into a compact unit by rolling two or
more continuous sheets between mp-t_! foi! _r cac.h she_ can be ciirectly

n_etaiiized before rolling.

The stacked approach has been selected to demonstrate the feasibility
of an 1100°F capacitor because of the characteristic brittleness of

high-temperature dielectric materials. When a satisfactory method

of electrode interconnection is developed on this program itappears
that very high uF-volt/in3 products can be achieved with the thin

dielectrics now processed. In fact, the uF-volt/in 3 products of a

capacitor capable of operating at 1100°F would be competitive with

plastic film capacitors designed for much lower operating ten_peratures.

Electrical h_'terconnectionof stacked single-layer capacitors is, there-
fore, the next major task to be performed.
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stacked capacitor concept can be investigated using any of the mate-
evaluated thus far on this program. It is believed that the tech-

ues that have been developed {slicing, lapping and polishing, ultra-
cutting and sputtered electrodes) can be combined to produce a
configuration and electrode interconnection scheme that will
in a satisfactory multi-layer capacitor.

will be necessary to connect the sputtered electrodes applied to each
in a stacked capacitor so that the top electrode of wafer No. 1

Ls electrically connected to the bottom electrode of wafer No. 2. The

and top electrodes of wafers No. 1 and No. 2 respectively, are
directly opposite each other and would normally come in contact. This
interconnection arrangement is shown in Figure III-9 for a five wafer
stack. The capacitance of each wafer is in parallel and additive, there-
fore, in a five wafer stack the total capacitance of the stack will be five
times the capacitance of each wafer.

Figure III-9 shows the wafers with tabs extending from opposite edges.
These tabs will be made an integral part of the dielectric and their
function is to extend each electrode from one side of a wafer to the

other side. If the wafers are electroded as shown in Figure III-9
and stacked one on top of the other, the electrodes on each wafer will

automatically connect in parallel when the stack is compressed. A
100 layer stack, for example, using one rail thick wafers would have
a compressed thickness only slightly in excess of 0.1 inch since the
electrode thickness is negligible.

Figure III-10 shows how the sputtering masks have been designed to
achieve the desired electrode configuration. A tabbed wafer will be
positioned between the two masks. Proper mask to wafer registration
will be achieved by providing a countersunk depression in one of the
__rn__k_ confnT'rnin_ tn the wafer outline. Coincident holes will be

drilled in the top and bottom masks to insure mask to mask registra-
tion.

Electrodes will be sputtered on both sides of the wafer at the same
time. Since the sputtered atoms do not arrive at the substrate wafer

from a point source but rather from a planar surface (target) they will
deposit around the edges of the tabs. This effect will provide electrical
continuity from the top and bottom electrodes around to the opposite
side of each tab.

The tabbed wafers and masks will be ultrasonically cut in the con-

fi_rations shown in Figure III-9. The necessary ultrasonic tooling
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is presently being made. Thin sheets of Corning Glass No. 7059 will
be used for the masking material. This glass was especially formu-
lated by Corning to be used as substrates for thin film resistors and
the glass has a very low alkali-ion content. It is initially planned to
use 5-mil-thick glass microscope cover slides ultrasonically cut in
the form of tabbed wafers to develop the details of the sputtering
process and mechanical aspect s of mask and wafer registration.

Ce PROGRAM FOR NEXT QUARTER

1) Polishing and electroding of beryUia (BeO) single wafer capac-
itors will be completed and electrical data will be obtained at

elevated temperatures in vacuum.

2) Fabrication of substrate wafers and sputtering masks will be

started for preparing multi-layered (stacked) capacitors.

3) Additional electrical data will be obtained on pyrolytic boron

nitride capacitors at elevated temperatures in vacuum for

determining reproducibility dielectric films.

128



SECTION I V

PROGRAM III - BORE SEAL DEVELOPMENT AND COMBINED

MATERIAL INVESTIGATIONS UNDER A SPACE-SIMULATED

ENVIRONMENT

The bore seal effort under Task 1 will evaluate promising ceramic-metal

sealing systems in potassium and lithium vapor at temperatures to 1600°F

for 2000 hours. Elevated-temperature seal strength and vacuum tightness

will be determined. A four-inch diameter bore seal loaded with potassium

will be incorporated in a stator design and evaluated in a 5000 hour endur-

ance test at temperature and in a high-vacuum environment. This test will

confirm data determined on smaller geometries.

Two five-thousand hour tests will be run under Task 2 on a stator which

typifies the construction of an inductor alternator or a motor. The first

will be run between 800 and l l00°F temperature. The second test will be

run with a bore seal at temperatures between 1100 to 1600°F. All will be

tested at a pressure less than 10-8 torr under electric and magnetic
stresses.

A transformer and two solenoids under Tasks 3 and 4 will be similarly

tested under high vacuum and at elevated temperature. The purpose will

be to quantitatively evaluate the combined effects of electric and magnetic

stresses, and high vacuum on combinations of materials suitable for appli-

cation to advanced space electric power systems. One solenoid test will
be under d-c excitation and the other under intermittent excitation so the

effects of an invariant electric stress can be investigated.
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TASK 1 - BORE SEAL DEVELOPMENT

1. Summary of Technical Progress

a) The first potassium loading of purity test capsules under
vacuum was made. Analysis of oxygen content has not
been completed.

b) Time-temperature brazing studies on two active metal
brazes were completed.

c) The ceramic outgassing program was completed except
for determinations on Lucalox alumina in which case

ambiguous data must be resolved.

2. Discussion

a. FACILITY CONSTRUCTION AND CHECK-OUT

Construction of the facility for fabricating, loading and exposure
testing in vacuum of test capsules with alkali metal loads has been

completed. The first and second quarterly reports includedphotos,
diagrams and construction specifications and details.

The dual vacuum furnace equipment which will be used to carry
out the 500 and 2000 hour capsule exposure tests at 1000 and
1600°F was completed. A vacuum of less than 8 x 10-10 torr

has been achieved with the equipment cold, dry and empty. The
vacuum equipment for alkali-metal loading and electron-beam
welding (EBW) was completed during the previous reporting period.
This equipment will be used for fabricating the columbium-1%
zirconium test capsules by electron beam welding and for sub-
sequent loading of the capsules wlti_ test pieces --_ i__ -,,..i_ ..._nl_LltU/ U Jr ct_z_ptJ_ .AL_* _._

in vacuum. The final closure will be made by electron-beam
welding.

Initial problems of obtaining a small reproducible spot size with

the electron-beam welder were resolved with the replacement of
the focus coil on the electron gun. This focusing problem, how-
ever, caused a slippage in our time schedule.

Check-out of the overall capsule fabrication and handling equipment
consists of loading four purity-test capsules v,"_thpotassium and
two with lithium. Contents of the purity-test capsules will then be

subjected to oxygen and nitrogen analyses in potassium and lithi,am
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respectively to determine the amount of contamination in the

alkali metals when loaded under the conditions obtainable in the

equipme_. Corrective action will be taken, ifnecessary, to
improve the loading conditions. The maximum contamination

level objectives are 10 parts per million oxygen in potassium

and 40 ppm nitrogen in lithium. These are the significantcon-
taminants to be considered in alkali metal corrosion tests.

The fixturing in the vacuum chamber was reworked so that all

heavy jigs or fixtures which must be handled with the manipulators
now have pins which protrude horizontally from their tops 180
degrees apart. The manipulator jaws were in turn fitted with

vertical pins on the top of each jaw (see Figure IV-I). These pins
allow the heavy items in the chamber to hang vertically during
handling, thereby permitting better positioning into holes or on
vertical pins as required. An added feature of this approach allows
the heavy (up to 2.5 pounds) electron-beam welder chill block fix-

tures to be handled while eliminating excessive stresses on the
manipulator vacuum fittings. In actual use, no pressure rise over
9 x 10-6 torr was attributable to the manipulators.

The alkali-metal fill-line heater in the chambers was also changed.
The nichrome wound alumina heater was replaced with a cartridge
heater. A shutter was also placed over the exit on the transfer line

to prevent excessive liquid metal from dribbling into the capsule
after the transfer valve is closed. These changes are illustrated
in Figure I V-2.

A second potassium loading was made with the modified fixturing.
In this check-out loading, two capsule geometries were used.

1) For mercury amalgamation oxygen analysis by MSAR
(Mine Safety A nnli_nr_ W_s_h) _ n _._ --^L _ _.

. _ ........ _ vs_ _.e. v ew.,.n JI.,I.,LI.p_LIL %-/e _lwo ,

0. 035 inch wall and 4. 0 inch long capsule made of
Cb-1Zr was used (see Figure I V-3).

2) For neutron activation oxygen analysis by General

Atomics (Division of General Dynamics Corp. ) a 5/8
inch diameter by 2 inch O.D. capsule with a wall thick-

ness of 0.020 inch was used. The capsule, made of low
oxygen stainless steel, was supplied by General Atomics
(see Figure IV- 3).

Both geometries presented loading problems resulting in one out
of four of each geometry beiruz successfully ln_rl_ri _nri _._1_,_
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FIGURE IV-1. Photograph of Manipulator Handling of Purity Test 
Capsule With Electron Beam Welder Chill Block 

Fixturing 
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FIGURE I V-2. Potassium Transfer Line Showing Cylindrical Heater 
and Shutter Over Exit 
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In the case of the MSAR geometry, the problem was caused by the
potassium solidifying after bridging the opening. This problem
was resolved by preheating the capsule and chill block with the
electron-beam welder at 180 watts for seven minutes before load-

ing, thus warming the capsule to the melting point of potassium
(145.8°F). The last Cb-lZr capsule loaded by this technique was

filled approximately one-half full and contained 1.917 grams of
potassium. While successful loadings by this technique are some-
what problematical, it will be used and extra capsules will be kept
on hand in the electron-beam welder chamber. On the next loading,

stainless steel capsules will be used for this geometry.

The General Atomics supplied stainless steel capsules have a much
larger opening into which the liquid alkali metal is poured and no
problems were encountered with filling. The electron-beam welder
sealing of the loaded capsules, however, presented problems which
had not been encountered in the trial welds carried out previously.
The furnished capsule parts do not fit together well. During
electron-beam welding, the lid tended to melt back from the top
of the capsule body in some areas leaving gaps which could not be

repaired. This problem was solved by defocusirig the electron
beam to give a large spot, and by having the rim of the body of
the capsule extend beyond the lid so that there was some excess
material flow into the gap between the body and lid. One capsule
was successfully loaded and sealed by this technique. It was filled
approximately one-half full. The sealed capsule contained 1. 288
grams of potassium. This capsule was deliberately exposed to
the electron-beam welder chamber environment for 54 minutes

before putting on the lid and sealing the capsule. Oxygen analysis
of the alkali metal in this capsule has not been completed.

The described lid fit on the General Atomics capsule will be pre-
checked an future cal_sules, and in conjunction with the use of a
defocused beam, success is anticipated. Sp_r_ cap_u!es _.__!1 _lso
be available in the chamber.

An abbreviated loading procedure is included in Appendix A to
describe other pertinent details of the potassium vacuum loading
procedure. The equipment functioued satisfactorily except as noted
above. The vacuum remained between 6 and 8 x 10-6 torr except

during welding, at which time it rose no higher than 2 x 10 -5 torr.
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b. CERAMIC OUTGASSING STUDY

Alumina and beryllia ceramics are normally fabricated by sintering

the appropriate materials in an oxidizing atmosphere for 1//2 to 3

hours at temperatures in the 2700°F (1500°C) to 3100°F (1700°C)

range. Dissolved, chemisorbed and occluded oxygen-containing

gases (H20 , CO, CO 2) are therefore released by the ceramics

during subsequent treatment or use at elevated temperatures.

The availability or presence of oxygen in alkali metal accelerates
its corrosive effect toward refractory metals. The purpose of

this study is to determine the species and amount of gaseous oxygen

compounds remaining in selected bore seal ceramics (wall thick-

ness 0. 040 to 0. 100 inch) after various processing schedules.

The second quarterly report discussed the approach and equipment

to be used. Figures I V-4 and I V-5 illustrate by block diagram

and photograph respectively, the equipment used in the study.

Three representative ceramics were selected for this work:

1) Sapphire (Linde Co), single crystal 100 percent alumina;

no grainboundaries, no apparent voids, density 3. 98 g/cc.

2) Lucalox (G. E. ), sintered polycrystalline 99.8 percent

alumina; with grain boundaries but almost no voids

(essentially 100 percent theoretical density; 3.98 g/cc).

3) Thermalox 998 (Brush Beryllium Co. ), sintered poly-

crystalline 99.8 percent beryllia; with grain boundaries

and voids (95 to 98 percent theoretical density; 2.86 -

2.95 g/cc).

Three preconditioning treatments before outgassing analysis were
selected:

Precondition I: After dye check and ceramic cleaning pro-

cedures. (Appendix A of second quarterly

report. )

Precondition 2: After dye check and ceramic cleaning pro-

cedures plus 10 minutes at 1832°F (1000°C)
at less than 5 x 10-6 torr.

Precondition 3: After dye check and ceramic cleaning pro-

in 75N2-25H_. with 100°F dew point, plus 10
,.,_,,_o vacuum firh-lgat Ioo_o_ tl_n_o,_
less than 5 x 10-6 torr.
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FIGURE IV-5.  Photograph of Ceramic Outgassing Analysis System 
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A fourth precondition consisting of precondition 3 with the vacuum

firing step increased to two hours at 2192°F (1200°C) may be
evaluated if warranted.

The preconditioned samples are outgassed at 1000°F and/or 1600°F
and the evolved gases monitored with a mass spectrometer. Quan-
titative determinations of the evolved gases can be made since the

pumping speed of the system for each gas is known. Total integrated
amounts of gas evolved from the various pre-conditioned ceramics

are summarized in Table IV-1. The 2597°F (1425°C) N2-H 2 firing
furnace gas composition is given in Table IV-2. The beryllia is
fired in a special furnace because of its toxic properties.

The total pressure outgassing plots versus time are given in
Figures IV-6, IV-7, IV-8, and IV-9. In Figure IV-10, the total
pressure outgassing curves for Sapphire, Lucalox and Thermalox
998 at 1600°F after dye check and ceramic clean procedures (PC 1)
are shown.

From Table I V-1 the general trend of reduced gas content after
vacuum firing is evident. In the case of Sapphire and Thermalox
998, the 2597°F (1425°C) N2-H 2 clean firing lowers the gas content
of the ceramic further. The Lucalox data does not follow this

pattern and is questionable. Lucalox samples with precondition 2
and precondition 3 will be re-run in the near future.

The partial pressures by mass number, of the outgassing furnace
atmosphere after 20 minutes of sample outgassing, are given in
Table IV-3. Values in this table were obtained by subtracting
background partial pressures, with the outgassing furnace at tem-
perature but before the sample was introduced, from the partial

pressures in the furnace after the sample had been outgassing in
it for 20 minutes. Pumping was carried out with an ion pump v__th
a iimiung orifice. The pumping speed on the furnace was one
liter/sec for nitrogen. In many cases, denoted by the zero in the

table, the final partial pressure was lower than the initial partial
pressure. In addition, at low readings, the peaks on the recorder
trace are on the same order of magnitude as the circuit noise and
are of questionable significance.

If partial pressures in Table IV-3 below 7 x 10-9 torr for masses

2 and 18, and below 3 x 10-9 torr for masses 28 and 44 are con-
sidered non-significant, then some general observations on the
•_,,,,,l_ uutgassing dam can be made. Pertinent considerations
which will be used in the data interpretation are also included.
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TABLE IV-2. Typical Compositions of Nitrogen-Hydrogen Gas
Atmospheres in Furnace Hot Zone During

2597°F Firing of Ceramics

Furnace

Tunnel Furnace

Ram Furnace

Gas Composition (b)

N2 CO A +02 H

balance

balance

Notes: (a) Alumina parts are fired in a tunnel furnace and the
beryllia parts in a ram furnace.

(b) Averaged from data obtained with Burrell KROMO-

TOG Model #K2 gas chromatograph.
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1) The quantity which is ultimately desired from this work
is the weight of oxygen per gram of ceramic which will
be released into a bore seal system containing alkali
metal.

2) The 10 minute vacuum firing at 1832°F (1000°C) simulates
the normal vacuum brazing schedule to which active
metal brazed ceramic-metal seals are subjected.

3) The 30 minute 2597°F (1425°C) N2-H 2 firing apparently
removes surface contamination which the vacuum

firing does not.

4) The N2-H 2 firing is probably replacing some of the bulk
gases in the ceramic with N 2 and H2 and possibly CO.

5) The different gas composition in the two N2-H 2 firing
furnaces appears significant in influencing the compo-
sition of gases being released from the ceramics. The

atmosphere and firing treatment of ceramics may be

determined by the processing history of the ceramics.

6) The most significant gas in all cases in the partial
pressure Table IV-3 has a mass of 28 which can be

either N 2 or CO so this point must be resolved.

The N2-H 2 firing and subsequent vacuum firing, lower
the gas content of the test pieces to the point where
after 20 minutes of outgassing the partial pressures of
the evolving gases are less than the background levels
for the same gases in the outgassing analysis equipment.

Further interpretation will be made after additional Lucalox pre-
condition 2 and 3 samples havv b_, _valuat_d and aH -,,-,_1

pressure curves have been completed.

c. BORE SEAL CERAMIC MATERIALS

A four inch beryllia bore seal containing potassium will be tested
in a generator stator on this program. The test will be conducted
at elevated temperature and a pressure of 10 -8 torr or less. The

final design is now being reviewed.

The Brush Beryllium Co***pmiy has been ,.,,,._._,._--'-_-0_--,__n._rlatarmine_........

their recommendations and capabilitiesregarding the berylliatube

for the bore seal. A four inch diameter, four _h ,_._,,,howith n 10_
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inch wall flared to 0.250 inch at the ends is within the state-of-the-

art using Thermalox 998 beryllia (silicaless than 150 ppm) and

does not compromise electrical design requirements. Thinner

walled tubes cause increasing production difficultiesand increase

the probability of vacuum leaks through the walls. The ceramic
itselfhas been shown compatible in potassium for 500 hours at

1600°F and will be tested to 2000 hours on this program.

Studies performed on the previous program showed that sapphire

(Linde Co. ), Lucalox (G. E. ) and Thermalox 998 containing 80 ppm
silica (Brush Beryllium Co. ) retained their intrinsic strength and

resisted attack by potassium after 500 hour exposure tests at
1600°F. Since actual bore seal ceramics will be required to oper-

ate for ten thousand hours or more, prolonged tests (2,000 hours)
are to be carried out on this program. Additional ceramic bodies
are to be tested for use in the event that the above materials prove
unsatisfactory.

Yttria and Thermalox 998, both manufactured under special pro-
cesses to limit the content of silica and other thermodynamically

unstable species, have been ordered from Coors Porcelain Com-

pany and Brush Beryllium Company respectively in the form of
modulus-of-rupture bars and small cylinders.

The yttria has been received from Coors. The modulus-of-rupture

bars were cut from a single plate of dry pressed and fired yttria

and the cylinders were cut from two cylinders of isostatically

pressed and fired yttria. The pressed plate and tubes were fired
in hydrogen at 3183°F (1750°C). The raw material was electronic

grade yttria 99.99 percent pure (code 1116) produced by the
American Potash Company.

The density of the fired yttria was 4. 62 g/cc. The pieces were

95.5 percent of theoretical density. The analysis oi the fired mate-
rial is given in Table I V-4.

Coors reported at the time of delivery that the fired yttria material
was far more brittle than conventional ceramics, but they feel con-

fident in fabricating larger shapes if consulted on the design.

The low-silica Thermalox 998 is scheduled for delivery in mid-
September 1965 and is being expedited.

The yttria ceramic will be tested for 500 hours at i600°F in

potassium along with the beryllia pieces.
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TABLE IV-4. Analysis of Yttria Fired Ceramic

Element

A1

Si

Ca
Cr
Sr
Ba
Cd
Be
As

T1

Sn
Co
Be
Sb

Hg
P
Zr
Mn
Pb
Ge

Mg
W
Ni

Fe
Bi
Mo
_r

Ti
Li
Cu

Ag
Na
Zn

Note:

Amount Detected (a)

30 ppm
40 ppm

each _ 30 ppm

(a) Total impurities estimated to be less than
.vv _,_,. _ tOm _oors rce

Company. (Spectrographic Analysis)
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3. Program for the Next Quarter

a) Complete loading of potassium and lithium purity test capsules
and subsequent analyses for oxygen and nitrogen.

b) Initiate 1600°F, 500 hour potassium exposure of yttria and
low-silica Thermalox 998.

c) Complete new braze alloy screening, make ceramic-to-
metal assemblies. Expose assemblies to potassium for 500
hours at 1600°F.

d) Complete final design of the four inch diameter model bore
seal. Order the beryllia ceramic.

e) Design special test equipment for high-temperature testing
of ceramic-to-metal seals.
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So TASK 2 - STATOR AND BORE SEAL

1. Summary of Technical Progress

a) All stator materials and components have been received
except thermocouples. Delivery of thermocouples is ex-
pected in early September.

b) Application of plasma-arc spray alumina (A1203) insulation
to the stator laminations was completed.

c) The stator frame and stack retaining ring were rough
machined and hydrogen atmosphere annealed.

d) Manufacture of stator coil forming tooling was completed.

e) Stator coil forming techniques were developed using a
practice stator stack and practice wire similar in dimensions
to the Anadur coated nickel-clad silver test wire.

f) The rectangular nickel-clad silver wire was returned to
Anaconda to have the Anadur coating stripped and re-applied.
The initial coating was overbaked during processing which
resulted in damage to the insulation during coil forming.

g) Material cleaning specifications were issued.

h) A stator specimen clean assembly sequence has been drafted
and is being modified to accommodate the delay in thermo-

couple deliveries.

i) The thermal vacuum chambers and controls were set-up and
checked out. Pressure belnw ln-10 t,_,- 4, 9onnou ......

.... _ _ I,,4,_ _di,_,_s,f_,,e ,.I,; _flf_:; i[

realized and performance exceeded specification require-
ments.

2. Discussion

Figure IV-11 is a cutaway view of the stator assembly which shows the

primary features of the design. The detail design drawings were pre-
sented in the first quarterly report. The main magnetic frame is made
from a Hiperco 27 (27Co-Fe) alloy forging, and the laminations are held
in place in the frame by a retaining ring which is also m_de from a

Hiperco 27 alloy forging. The stack consists of Hiperco 27 alloy lami-
nations 0. 008 inch thick with a sapphire-like insulation coRting of piasma-

arc sprayed Linde A compound (A1203). The stator is representative of
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FIGURE IV-11. Cutaway View of Stator Without a Bore Seal

153



one of the two stator stacks of a 15-KVA, 12,000 rpm inductor generator

and of the stator for a 12-horsepower, 12,000 rpm induction motor.
The a-c stator has 36-teeth and slots which are proportioned approxi-
mately the same as those of an operating generator or motor.

The a-c stator winding is similar to that in a three-phase generator

or motor. The winding is divided into three sections of twelve turns
each, and the overlapping of the sections is similar to that which occurs

between the phases of a generator or motor winding. Thus, itis pos-

sible to make potential tests between windings and from winding to
ground.

Input power for continuous stator testing will be supplied by a three
phase, 400 cps 480V a-c line-to-line generator. Each stator winding
will be connected in series with a reactive load bank which is located

outside the test chamber. The purpose of the load banks is to simulate

the back emf normally supplied by the rotor, which is necessary to
limit the winding currents to typical values at the applied voltage.
Periodically, a 500V d-c potential will be applied from winding to wind-
ing and from windings to ground to check insulation resistance. During
continuous operation, an effort will be made to maintain a temperature
gradient of 100 to 150°F from the winding slot to the frame O. D., to
simulate the temperature conditions in an actual stator. Rated fre-

quency of the stator is 400 cps. Testing of the stator can be done at
any frequency up to 1600 cps and possibly higher if desired. The loss
in the stator when current is passed through the winding is the joule
heating loss plus the core loss. At frequencies higher than 400 cps
there will be slight increase in losses, but at 1600 cps this increase
will be less than 10 percent. It should be noted that the prime results
of the tests will be the insulations and conductor performance. A later
test will include a bore seal and its effects.

Conductor wire is _-b_!-c]_d _ilver (20 percent nickel cross-section)

coated with a 0.006 inch thick layer of Anadur "E" glass, a refractory-
oxide-filled glass fiber. Slot insulation is provided by ceramic (99%

A1203) U-shaped channels (slotliners), spacers and wedges. Aluminum

orthophosphate bonded zirconia potting compound (Westinghouse W-839)
is used to fillvoids around the conductors in the slot liners and extends

about halfway to the end turns to provide winding support. Potting
particle size is 100% minus 200 mesh.

Two thermocouples are installed in the slots in each winding. Additional
p_,'_ o__ t-hermocouples are located in the stack, between the stack out-
side diameter and the frame, on the outside diameter oI the frame and
on the wiv_ing end turns° Hollow alumina tubes are used as thermo-
couple insulators in the slot and stack areas.
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The stator end bells are made from Hastelloy Alloy B which is a non-

magnetic material having a thermal expansion coefficient very similar

to that of Hiperco 27 alloy. Average thermal expansion coefficient

for Hiperco 27 from 72 to 1100°F is 6.14 x 10-0 inch/inch-°F, while
the coefficientfor Hastelloy Alloy B from 72 to 1200°F is 6.7 x 10-6

inch/inch- °F.

Figure I V-12 is a cutaway drawing of the thermal vacuum chamber
which shows the stator installed in the furnace hot zone. Stator thermo-

couple leads and winding leads are brought up through holes in the top
heat shields to their respective feed throughs in the chamber wall. The
chamber is of double wall construction with baffles between the walls to

channel cooling water flow. The chamber top cover is also double
walled to provide a path for cooling water.

After receiving a hydrogen atmosphere anneal (dew point below -40°F)

and a cleaning operation, the stator Hiperco 27 alloy laminations were

plasma-arc sprayed on one side with Linde A compound (Al203) to form
an interlarninar insulation coating. The parts were then cleaned and

assembled on the stacking arbor. Final assembly of the stack and
frame will be completed as soon as machining is finished on the frame

and stack retaining ring. End bells have been completed and are ready

for assembly when required.

A practice stator stack was built using the test specimen punching dies

but with sheet steel laminations rather than Hiperco 27 stock. This

stack was used to check out the suitabilityof the coil forming tools

and to aid in the development of coil forming techniques. Enamel
covered rectangular cross-section copper wire having approximately
the same dimensions as the Anadur-insulated nickel-clad silver test

wire was used as the practice conductor. Developing practice coils

and installing them in the practice stator with ceramic slot liners,

spacers and wedges resulted in several important tnnli_g ___odi_i,_-

tions.

The Anadur "E" glass insulation which was initially applied to the
rectangular cross-section nickel-clad silver wire was over-baked dur-

ing processing, resulting in a coating that was too brittle to withstand
the forming required for stator coils. The wire was returned to Ana-

conda Copper to be stripped and re-insulated. After recoating, the
insulation had the same appearance as that on the transformer and
solenoid wires, and it was noticeably more flexible than was the over-
baked insulation originally received.
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Delivery of the specially designed, Inconel sheathed, Platinel I I thermo-
couple has been delayed several times because of vendor material de-
livery delays, material quality problems, and manufacturing and spec-
ification difficulties. This delay has caused several revisions in spec-
imen assembly procedures. Delivery is now scheduled for the middle
of September.

Cleaning specifications to be used in this program on metal parts and
electrical apparatus are contained in Appendix B. Requirements for
handling parts after cleaning are also included. All parts will be

cleaned except Anadur coated wires, potting compound and flexible
sheet insulation. These parts will be processed by bake-out to set the
insulation system. All specimen subassembly and assembly operations
will be performed at the laminar flow clean-bench using clean, lint-free
gloves and parts that have been cleaned previously and properly stored
under dry nitrogen. The clean bench to be used constitutes a laminar
flow work station according to Federal Standard No. 209, "Clean Room
and Work Station Requirements, Controlled Environment, " and exceeds
Class 10, 000 of that specification. The same cleaning requirements
apply to the transformer and solenoid covered under Tasks 3 and 4.

A composite specification covering the cleaning of components and
clean handling and assembly techniques for the stator assembly was
drafted but has not been issued because of revisions necessitated by
continuing delays in thermocouple deliveries. Following assembly,
a final bake-out at 800 to ll00°F will be conducted in a vacuum furnace

which is liquid nitrogen-trapped and is capable of reaching 10 -7 torr
when clean, dry and empty.

Installation of the thermal vacuum chambers and control console

manufactured by Varian Associates was followed by tests for high-
temperature, high-vacuum capabilities. Chamber No. 1 reached a
pressure of 2.8 x 10-9 torr at 2200°F heater element temperature

during thu initial pumpdown, and afi.ur 22 huur_ _tL _umpur, tl.uru lind
reached a pressure of 7.8 x 10-10 torr. Chamber No. 2 reached a

pressure of 3.2 x 10 -9 torr at 2200°F during initial pumpdown and
was still decreasing in pressure when the acceptance test was com-
pleted. At room temperature, the pressure had dropped to 8.9 x
10-11 torr. Both chambers were tested clean, dry and empty. The
Westinghouse specification requirement was 5 x 10-9 torr at 2200°F

when chambers are clean, dry and empty.
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a)

b)

c)

d)

e)

f)

Program for the Next Quarter

Complete the manufacture of component parts and assembly
of the stator test specimen.

Complete stator bench tests and install the stator in the
thermal vacuum test chamber.

Revise stator clean assembly sequence and procedures.

Complete the definition of a furnace operating procedure,
criteria for terminating the test in case of malfunction,
and a procedure for cleaning the furnace in the event it
becomes contaminated.

Begin a 5000 hour, high-vacuum test on the stator specimen.

Finalize the bore-seal capsule design.
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C. TASK 3 - TRANSFORMER

I. Summary of Technical Progress

a) All transformer materials and components have been received
except two alumina (A1203) ceramic plates used in the winding
spool. Delivery is promised for 8.31.65.

b) The E-I 0. 008 inch thick Hiperco 27 alloy core laminations
were punched, hydrogen atmosphere annealed and cleaned in

preparation for the application of plasma-arc sprayed alumina
interlaminar insulation.

c) Manufacture of a winding arbor was completed.

d) A transformer specimen clean assembly sequence has been
rough drafted and is being modified because of a delay in
thermocouple deliveries.

2. Discussion

Figure IV-13 is a cutaway view of the transformer which shows the basic
design features. Details of the design were presented in the first quarter-
ly report. The core is made from E-I type Hiperco 27 alloy laminations
0. 008 inch thick, with plasma-arc sprayed alumina as the interlaminar
insulation (same as used on stator laminations). The Anadur "E" glass
insulated windings are formed around a ceramic (99.5°_ A1203) spool
which provides insulation between the windings and the center leg of the
core. Alumina end plates and channels provide insulation between the
winding ends and sides and the laminations. Non-magnetic Hastelloy
alloy B strips are used outside the laminations to provide lamination
support. The laminations and support strips are held together by through-
studs, ceramic washers and lock nuts.

Pairs of thermocouples are installed between the primary winding and

ceramic spool and between the two windings. The stack has been divided
into two halves by ceramic strip spacers so that thermocouples can be
buried in the core.

This transformer design is rated at 1 KVA at 400 cps, with 600 volts on

the primary winding and approximately 30 volts at the secondary winding.
A frequency of 400 cps was chosen because of the availability of 400 cps

power.... for reliable, long-time testing. The transformer can be operated
at mgl_er irequencies to 1600 cps with only a small increase in losses,
provided the voltage is maintained at rated value.
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Figure I V-14 is a cutaway view of the vacuum furnace which shows two
solenoids and the transformer installed in the furnace hot zone. Wind-

ing leads and thermocouple leads from the specimens are carried upward
through holes in the top heat shields and then directed to their respec-
tive feedthroughs in the chamber wall. Some representative leads are
shown in the figure. A total of 8 winding leads and 24 thermocouple
leads are carried through the chamber wall.

Manufacturing problems in forming the alumina end-plates used to in-
sulate the windings from the transformer core has caused delays in
the forming of the transformer windings. The winding arbor is designed
to have the end plates and alumina spool in place before the primary
winding can be started. The supplier's most recent promise date for
end plate delivery is August 31, 1965.

Manufacture of all other transformer parts and tooling has been com-
pleted except for the application of plasma-arc sprayed alumina inter-
laminar insulation to the E-I core laminations. This operation will be
completed by the first week in September.

Parts cleaning specifications are presented in Appendix B. A conApos-

ite specification covering the cleaning of components and clean handling
and assembly of the transformer was drafted, but it is being held up
for revisions in assembly procedure caused by the delay in thermo-
couple deliveries.

A write-up covering thermal vacuum chamber operating procedure,
criteria for stopping the test in case of malfunction, and a procedure
for cleaning the furnace in the event it becomes contaminated was

initiated but has not been completed. This write-up covers both
transformer and solenoid requirements.

3. Program for the Next Quarter

a) Complete the assembly and bench testing of the transformer
specimen.

b) Install the transformer in the thermal vacuum test chamber.

c) Issue a revised material cleaning and clean assembly speci-
fication.

d) Issue a thermal vacuum chamber operatir_ procedure, criteri___
for stopping the test in case of malfunction, and a procedure
for cleaning the furnace in the event it becomes contaminated.

e) Begin a 5000 hour high-vacuum test onthe transformer assembly.
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Do TASK 4 - SOLENOID

I. Summary of Technical Progress

a) All solenoid materials and components have been received.

b) The solenoid housings, end bells and plungers are in the
process of final machining.

c) Manufacture of a solenoid winding arbor was completed.

d) A sample winding of Anadur "E" glass covered nickel-clad

silver wire was put through a bake-out cycle to verify the
Anadur insulation bake- out procedure.

e) A solenoid specimen clean assembly sequence has been

issued, but is being modified because of a delay in thermo-
couple deliveries.

2. Discussion

Figure I V-14, which was discussed in Section C, shows the two solenoids
installed in a thermal vacuum chamber along with one transformer assem-

bly. Details of the design were presented in the first quarterly report.
Each solenoid is instrumented with eight thermocouples which are located
to give the maximum amount of temperature information during the 5000
hour test. Pairs of thermocouples are located at the inside diameter

(I. D. ) of the winding, at the halfway point radially in the winding, be-

tween the winding outside diameter (O. D. ) and the housing I. D., and
on the housing O.D. Figure I V- 15 is a cutaway view of the solenoid

showing the location of the coil leads and thermocouple leads. A weight
of three pounds is suspended on the plunger, and when the solenoid is
actuated the weight is tired approximately 0.050 inch and neid in that

position. The solenoid magnetic housing, cover and plunger are made

from Hiperco 27 alloy forged material. The coil is wound on a high-
purity (99%) alumina spool which provides insulation between the wind-

ing and the plunger and housing center core. Alumina end plates in-

sulate the sides of the winding from the housing and cover. Bearing
surfaces for the plunger consist of an alumina guide rod at one end of

the plunger and an alumina bushing at the opposite end. The winding is

made from Anadur-coated nickel-clad silver wire and the potting com-

pound used is aluminum orthophosphate bonded zirconia (Westinghouse
W- 839).

Electrically, the solenoid design is rated at 1530-ampere turns with
28-volts d-c applied to the winding at a winding temperature of ll00°F.
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All parts for the solenoid winding assemblies are on hand except thermo-
couples. Modifications which were found necessary for the winding

arbor have been completed. Housings, covers and shafts are in final
machining and will be completed early in September. The alumina
parts used in the winding assembly have been checked dimensionally
and cleaned.

The time-temperature schedule for the curing of Anadur was determined
on a sample winding form using a length of the Anadur coated No. 20 AWG
nickel-clad silver wire. Two circular, metal plates and a hub were
used as an arbor to form a winding two turns wide per layer and twenty

layers deep. Only the outer layer of the winding was exposed for
curing purposes as would be the case in the actual design. Bake-out
schedule was as follows and was done in the required air atmosphere.

Temperature (°F) Time -Hours

350-400 2
550 -600 16
750-800 4

1250±25 0.5

After bake-out, the winding was removed from the arbor and inspected

for evidence of incomplete bake-out. All parts of the winding showed
the same snow white color, and there was no change in the physical
appearance of the insulation from the inside to the outside layers. The
completed solenoid wiading will be *'_"^'_,_, out under _h,,,_.... same _,,,,,_,_,,,,_,A_'_

except that there will be more turns per layer of winding.

Parts cleaning specifications are presented in Appendix B. A compos-
ite specification covering the cleaning of components and clean handling

and assembly of the solenoids was issued but has been reworked to
incorporate revisions necessitated by thermocouple delivery delays.

3. Program for the Next Quarter

a) Complete the machining, assembly and bench testing of the
solenoid specimens.

b) Install the solenoids in the thermal vacuum test chamber.

c) Issue a revised material cleaning and clean assembly speci-
fication.

d) Begin a 5000-hour high-vacuum test on the solenoid assem-
blies.
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SECTION V
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Reports published on this program are:
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TENTATIVE PROCEDURE FOR LOADING TEST CAPSULES

WITH ALKALI METAL UNDER VACUUM
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APPENDIX A

TENTATIVE PROCEDURE FOR LOADING TEST CAPSULES

WITH ALKALI METAL UNDER VACUUM

1)

2)

3)

4_

v/

The argon purifier is turned on at least 48 hours before a scheduled

loading and all argon lines flushed continuously until loading is com-
pleted. Water vapor is monitored and must be below 1 ppm in the

bypass line before proceeding to next step.

Potassium (or lithium) hot-trapping is initiated at least 25 hours

before scheduled loading. During this step, the purified argon is used
as a cover gas in the hot-trap container. A bubbler containing low vapor

pressure oil and an empty inlet container ahead of the oil bubbler is
used on the cover gas effluent line and the argon flow is reduced to a

few bubbles per second.

All parts which will contact the potassium, such as capsules, test
pieces, etc., are vacuum fired to 1380°F minimum in a vacuum of

5 x 10-6 torr or better immediately before the scheduled loading,
allowed to cool to below 400°F in vacuum and back-filled with helium.

The fired parts are transferred directly into the loading chamber.

In practice, the loading is generally scheduled to start early in the
morning and the vacuum firing is carried out the evening before.
The parts are allowed to cool overnight.

_*_ some *_-"_...... befere ,'nitiatin__ the loading, all vacuum lines in the

potassium transfer system, including the fill line down to the valve
on the hot-trap container, are evacuated and leak tested with alcohol

before starting the next step.

On the day and time of the scheduled loading, the previously vacuum

fired parts are loaded into the loading chamber via one of the manipu-
lator flanges which has been removed for this purpose. The flange
is replaced and the chamber evacuated.

The complete alkali metal fill line to the hot-trap container, which is
now completely evacuated, is heated to 400°F minimum aJid allowed

to outgas for at least one hour before transferring alkali metal through
it.
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s)

9)

10)

11)

12)

13)

14)

The hot-trap container is cooled from 1400°F to below 300°F and then

pressurized with argon to about 10 psi. Before proceeding to the next
step, the chamber vacuum must be below 1 x 10 -5 torr.

The transfer line is cooled to about 200°F (for potassium) and the

transfer line is filledup to the all-metal valve which controls the flow
into the chamber.

The transfer line is then flushed out with at least two transfer

line volumes of alkali metal by opening the valve which lets the alkali
metal into the chamber. This alkali metal is received by a large cup
under the transfer line opening.

The appropriate capsule is then positioned under transfer line opening.
It is filled with potassium by visual control to the desired level by the
valve. A shutter is then moved between the fill line opening and the
receiver to prevent overfilling by droplets which fall subsequently
from the fill line.

The capsule to be welded is placed in the electron-beam-welder turn-

table chuck. All capsules to be welded are fittedwith chillblocks

prior to placing in the chamber (step 3).

The capsule lid is placed on the capsule with the manipulators and
welded in place using predetermined welding conditions (e. g. turn-
table speed, electron-beam-welder accelerating voltage, electron-

beam-welder current, etc.). The pressure during the welding oper-
ation generally rises to 1 or 2 x 10-5 torr and recovers immediately
to about 6 x 10-6 torr when the electron-beam-welder is turned off.

The welded capsule is set aside and steps 10 through 13 are repeated.
Capsules and lids are prenumbered and a log is kept of loading and
welding conditions.

Annealing and alkali metal purity analysis are undertaken.
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APPENDIX B

CLEANING PROCEDURES FOR METAL PARTS

AND ELECTRICAL APPARATUS
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APPENDIX B

SPECIAL CLEANING t DEGREASING AND ULTRASONIC
DEGREASING OF METAL PARTS WITH TRICHLOROETHYLENE

SAFETY REQUIREMENTS:

1)

2)

s)

4)

5)

6)

7)

See Safe Practice Data Sheets SPDS D-3

and SPDS T-4.

Avoid contact with cleaning solution and any
parts producing ultrasonic vibrations during
cleaning.

GENERAL: The ultrasonic cleaning equipment used shall be capable of
producing ultrasonic vibrations in the range of 18 to 21 kc. The 500
watt Westinghouse cleaner or an equivalent is satisfactory to use.

SOLVENT: Use trichloroethylene 51550BZ.

VAPOR DEGREASING: Place the parts on a rack or suitable metal

basket. Ifthe part or"parts are of such configuration that soils from

one surface will not falloff or fallto another surface, the parts shall

be repositioned for another cleaning cycle. W_nen cleaning laminations,

suspend or rack the parts so as not to screen any surface from the
cleaning vapors.

Vapor is produced from boiling solvents within the machine and is con-

Unually condensed by means of water jackets and returned to heating
compartment to be used again.

CLEANING: After degreasing, subject work is to be cleaned to the
following: Rack or place the parts in a basket as in 3 above, and clean
in the ultrasonic tank for 4 to 5 minutes using trichloroethylene 51550BZ
solvent, rinse twice in clean solvent.

DRYING: a. Simple shapes: Air dry.
b. Other Complex Shapes: Oven dry for 2 hours at 250 ° ±

20°F.

HANDLING: After cleaning, all parts shall be handled with clean, lint
free gloves.

STORAGE: Store in clean dry plastic bags between cleaning cycles.
Bags need not be sealed.
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APPENDIX B (Cont. )

CLEANING OF ELECTRICAL APPARATUS, COMPONENTS,
WOUND APPARATUS AND TOOLING WITH ULTRASONIC CLEASTER

SAFETY REQUIREMENTS: See Safe Practice Data Sheets SPDS S-6
and A- 14.

Avoid contact with cleaning solution and any
parts producing ultrasonic vibrations during
cleaning.

1) GENERAL: The cleaning equipment used shall be capable of producing
ultrasonic waves in the range of 18 to 21 kc. The 500 watt Westinghouse
cleaner or an equivalent is satisfactory to use.

2) SOLVENT: Use a distilled water solution containing 0.5 to 1.0 ounce

of detergent (PDS 53512HK) per gallon. The solution shall be neutral

(pH 7 ± 0.5) at all times during operation. The pH may be checked by
indicator papers or a pH meter.

3) SOLVENT TEMPERATURE: The solvent temperature shall be adjusted
to 150°± 10°F.

4) CLEANING: Place the parts in the cleaning tank preferably on a rack
or in a metal basket. Clean for 4 to 5 minutes. If the part is of such
configuration that soils from one surface will not fall off or fall to
another surface, the part shall be repositioned for another cleaning
cycle. When cleaning laminations, suspend or rack the parts so as
not to screen any surface from the cleaning fluid.

5) RINSING: Immediately after cleaning, the parts shall be rinsed with
hot (150°F) distilled water, followed by a rinse in ethanol PDS 1701,
and a second and third rinse in hot distilled water and ethanol.

6) DRYING: a. Simple Shapes: Air dry.
b. Other Complex Shapes: Oven dry for 2 hours at 240°+

20OF.

7) HANDLING: After cleaning, all parts shall be handled with clean,

_L.t_l¢ JL£-t:_t# _JILUV_.
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STORAGE: When parts are to be assembled more than one hour after

cleaning, or are to be moved from one location to another, or axe
finished and ready for test; all parts are to be SEALED in clean, dry

polyethylene plastic bags in dry nitrogen with new silica gel desiccant
conforming to MIL-D-3464.
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